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CHAPTER 1 
INTRODUCTION 
The starling Sturnus v. vulgaris L. is native to Western 
Europe, but through liberation now occurs widely throughout 
North America, South Africa, Australia and New Zealand. The 
species became established in New Zealand following nation-wide 
liberations between 1862 and 1883 (Thompson, 1922), and by 1895 
occurred in immense flocks in nearly all districts (Kirk, 1895). 
In Canterbury, birds were liberated by Acclimatisation Societies 
in 1867 (20) and in 1871 (40) (Thompson, op. cit.). At 
approximately the same time, many birds were released by private 
citizens and starling numbers increased rapidly. Since that 
time the natural aggressiveness, adaptability and capacity for 
rapid colonization inherent in the species have led to its 
present widespread distribution in lowland Canterbury. 
Apparently, starlings captured in Britain formed the bulk 
of birds liberated in New Zealand. However, birds from this· 
source have been considered to show Ilmark;:ed differences in the 
degrees of development of their reproductive systems", and the 
existence of two local races has been postulated (Bullough, 1942) 
viz. a resident early-breeding British bird and a later breeding 
migrant European form. Amadon (1962) disagreed with this thesis 
an.d considered the Continental and British birds to be identical, 
and referred them to Sturnus Y.VUlgaris L. Although both 
"races" may have been included in the stock introduced into New 
Zealand, the Canterbury population appears to be phenotypically 
uniform. 
Starlings are ubiquitous on farmlands of many countries 
and, because of their varied diet, have been frequently studied. 
Starling foods, feeding habits and breeding biology have been 
examined in detail in North America (Kalmbach and Gabrielson, 
1921; Lindsey, 1939; Kessel, 1957~ Howard, 1959), Australia 
(Thomas, 1957 a":,,e) , Great Britain (Collinge, 1924-27; Dunnet, 
1955,1956) andEurope (Kluijver, 1933; Szijj, 1956; Shlapak, 
1961; Karpovich, 1962; Pf~be and Szypula-Gador, 1964; Havlin 
and Folk , 1965; Gromadski, 1969). 
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There has been little work done on this species in New 
Zealand above anecdotal levels, but several research programmes 
are currently in progress e.g. Ecology Division, Department of 
Scientific and Industrial Research (D.S.I.R.), is studying the 
breeding biology and inheritance of clutch size in the 
Wellington area and its feeding and breeding biology at 
Havelock North. Published research includes a cursory study of 
starling foods and feeding on the Wellington and Gisborne 
airfields (Caithness, 1968), damage to fruit in New Zealand 
orchards (Dawson and Bull, 1970), and a list of the food 
species identified from the faeces of a group of Mid-Canterbury 
starlings (Lobb and Wood, 1971). The manipulation of starling 
populations in conjunction with stock as agents in biological 
control programmes has also been documented (Anon, 1970). 
Unpublished theses include the foods and daily movements of 
starlings on Harewood Airport, Christchurch (Moeed, 1970) and, 
predation on populations of Costelytra zealandica, a scarabaeid 
beetle (East, 1972). 
Starlings may be benefi c ia I or detrimental to 
agriculture depending on whether any increase or reduction in 
farm production results from their activities. In the mixed 
farming areas of Canterbury the feeding activities of the 
starling are diverse; the province includes the main cereal 
growing region of New Zealand and has extensive grasslands 
which frequently have high density populations of Costelytra 
zea1andica Whi te. This common food item of the starling (Anon, 
op'. cit.; Lobb and Wood, op. ci t.) is a serious economic pest, 
as it causes extensive damage to pasture grasses. Many farmers 
believe that starlings .may partly control this invertebrate, 
and this has also been suggested by Dr R. East, an entomologist 
(cited by Bloxham, 1968). Recent laws controlling the use of 
once liberally applied insecticides have stimulated some 
farmers in Canterbury and elsewhere to erect nest-boxes 
throughout their farms, in attempts to entice and hold starlings 
on their properties. However, while the starling is the 
commonest bird species on most farmlands of New Zealand, much 
of its feeding ecology in this country is poorly doclIDlented. 
Studies of its food in other countries have shown that the 
species takes a wide range of pastoral invertebrates, but also 
severely reduces stocks of grain and fruit.. It is therefore of 
great importance that all aspects of the local ecology of the 
starling should be fully documented, before the species is 
considered for manipulated biological or integrated control 
programmes. 
The aims of this study were, in order of priority: 
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1 . to assess the foods an.d feeding biology of a population of 
starlings in a mixed-crop-livestock farming area of Canterbury, 
2. to evaluate the species productivity and demography, and 
3. to investigate the feasibility of manipulating local 
starling populations, with the view of capitalizing on their 
expected selected predation of certain invertebrates harmful 
to local agriculture. 
Simultaneously, an associate study was made at Lincoln 
College, New Zealand, by Dr R. East (for details, see above); 
both studies have been instigated and partly financed by the 
New Zealand Department of Scientific and Industrial Research. 
The first part of this thesis deals with methods of 
sexing and ageing starlings and population statistics. 
Subsequent sections, in order, deal with starling population 
management, demography, breeding biology, foods and feeding 
biology and changes in body weight. 
WEST 
MELTON 
CANTERBURY 
PLAINS 
KILOMETRES 
Fig. 1 
Mid-Canterbury, showing the location of the 
study area - West Melton. Rainfall and temperature 
data were recorded at Harewood meteorological station 
shown thus - "*. 
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Plate 1 
An aerial view of a representative part of 
the study area at West Melton (Crown copyrie;ht). 
Note the clumping- of farm brildings and of trees. 
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CHAPTER 2 
STUDY AREA 
The study area at West Melton covers approximately 
75 km2 on the North Canterbury Plains (Fig. 1). This extensive 
area of flat land is characterized by yellow-grey earths in 
association with gravelly or stoney soils, whereas recent 
alluvial soils occur near the coast and extend up the larger 
river beds (McLintock, 1960: Figs. 11 & 13). Within the study 
area, Hatfield sandy loams occur in the south and west, and 
Paparoa sandy loams in- the north and east; both soils are free 
draining, moderately fertile and suitable for extensive 
cropping. The rainfall is low (58-78 em annually at Harewood, 
14 km away), and summers are warm with occasional hot north 
o 
west Foehn winds of above 30 C; the winters are cool with 
frequent frosts and occasional light snow (Fig. 2). 
Farming consists largely of the production of livestock 
(sheep and cattle, see Appendix I for generic and specific 
names) and mixed cash crops viz. wheat, barley, oats and 
potato€s, with occasional stock fodder crops viz. turnips, 
rape and choumoellier. Indigenous vegetation (largely 
tussocks) has been replaced by lucerne and exotic grasses, 
while gorse and exotic tree species occur frequently as shelter 
b'el ts (Plate 1). 
Starlings at West Melton live alongside a wide range of 
feral mammals and birds. Cats, stoats and hedg-ehogs frequent 
shelter belts, whereas hares and rabbits occur in open fields, 
Common birds include rooks, white-backed magpies, gulls, house 
sparrows and rock pigeons. 
~ro I I ! ! 1 I ! ! 11 I . I 1 ~'0 1 iii I I tIl ~ ! i I I Iii i I I I ! til ~ 0 I I tt i I I I r i r I 
1988 1969 1970 
Fig. 2 
Rainfall and temperature recorded during 
the study at Harewood meteorological station 
(see Gabi tes, 1968, 1969, 1970). Temperature 
da ta ~re represented by a monthly mean (.) 
and the mean daily maximum and minimum temp-
eratures for the month (the vertical bar). 
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CHAPTER J 
THE DETERMINATION OF SEX AND AGE 
1. INTRODUCTION. 
It is important in ecological studies of vertebrates to 
be able to accurately determine the age and sex of the study 
animal. Both determinations are problematical for many bird 
species, and the starling is no exception. Sex has been 
determined most accurately for this species by Parks (1962) 
and Schwab and Marsh (1967), who used a combination of the 
iris and mandibular rami colours; the latter authors being 
correct for 97.1ffo and 97.1% of males and females respectively. 
Age has been determined by Bullough (1942), Kessel (1951), and 
Davis (1959) from the length of the. iridescent portion on the 
lower throat hackles of birds in adult plumage, two age 
classes being recognizable; birds of less than 12 months old, 
and those older. Both methods were used. and critically 
examined by the author for their accuracy for starlings in 
Canterbury. 
Approximately 40 birds were shot each month between 1000 
and 1500 hr during the period April 1969 to March 1970. 
Carcasses were examined on the day of collection as the colour 
of some organs faded rapidly with refrigeration. Additional 
information was gathered from breeding birds taken live at nest 
sites" 
Each carcass was cursorily checked for the colour of its 
irides, mandibular rami and general plumage, and later the 
extent of its throat hackle feather iridescence. Predictions 
of both age and sex were checked using birds of knOlm age and 
by autoptic stUdies of gonads and the bursa Fabricii; the 
latter a bulbous lymphoid sac opening into the upper cloaca. 
For hackle iridescence, four of the longest most attenuate 
hackles present on the birds forethroat were plucked from each 
starling, and the iridescent portion ·of each (minus the lvhi te 
tip) measured to the nearest millimetre, uBing a stereoscopic 
microscope fitted with a graduated eyepiece. Iridescence 
means calculated for each bird. were analysed by the use of 
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Harding's (1949) method of polymodal frequency distribution 
analysis as revised by Cassie (1950), and linear 
transformations were obtained of the component groups of the 
size frequency distributions present. Such analyses permitted 
a ready detection of overlapping data of such groups, the 
point of inflexion in each bimodal frequency distribution 
corresponding to the low points of a frequency diagram. 
2. RESULTS 
I. Determination of sex 
Eye colour in adult starlings was dimorphic (Table 1). 
In females the iris was edged by a broad band which ranged in 
colour from light lemon to deep orange, and enabled ready 
identification in 96% of all females examined. Most males 
(67.3%), however, possessed a uniform deep-liver-coloured iris. 
The remaining birds of both sexes possessed irides peripherally 
marked by a narrow faint yellow band, and determination of sex 
was difficult. All birds attained adult eye colour 
characteristics by the end of their first moult (Table 2) and 
retained them thereafter. 
Table 1. THE RELIABILITY OF SECONDARY SEX CHARACTERISTICS IN 
BIRDS OF ADULT PLUMAGE. 
Males 
No. Percent 
examined composition 
Iris colour 
Identification positive 76 
Character indecisive 37 
Bill ramus colour 
Identification positive 113 
Character indecisive Nil 
Both characters combined. 
* Identification positive 113 
67.3 
32.7 
100.0 
Nil 
Females 
No. Percent 
examined composition 
72 
3 
73 
2 
74 
96.0 
4.0 
97.3 
2.7 
Note - * Ignores single indistinct character of any pair 
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Bill colour was also dimorphic (Table 1) but varied 
seasonally. Birds of either sex had uniformly dark bills in 
mid and late summer (January - March), which changed to a 
bright lemon yellow in early winter (April - May) over a period 
of four to six weeks (Table 2). Concurrently, the rami of the 
lower mandible turned blue to blue-black in all males examined 
and light pink in 97% of all females; the remaining females had 
bills which were entirely lemon-yellow. A subsequent reversal 
in colour began distally and occurred prio~ to and during the 
post-nuptial moult. 
Table 2. SEASONAL VARIATION IN AGE AND SECONDARY 
SEX CHARACTERISTICS 
Age/Sex character Month of Collection 
J F M A M J J A S 0 N 
Juvenile 
Plumage present 1 15 7 
Bursa 
Fabricii present 1 15 6 
Adult bill colour 
(a) Wholly black 17 15 18 35 10 1 
(b) Intermediate 
but without 
secondary sex 
character 12 9 6 
(c) Wholly yellow 
with secondary 
sex character 
present 4 41 35 39 36 37 12 
N 18 30 25 47 23 48 35 39 36 37 12 
II. Determination of age 
Young starlings retained a dull gTey-brown plumage for 
approximately 12 weeks following fledging (Table 2) and had 
grey eyes and grey-black bills, the latter at first edged with 
bright yellow wattles. They moulted between January and the 
D 
12 
12 
2 
5 
16 
35 
end of March, and attained a typical dark spangled adult plumage 
indistinguishable from that of older birds. Autoptic studies 
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revealed that the moult of the fledgling plumage occurred 
concomitantly with the regression of the bursa Fabricii 
(Table 2), as this bursa was discernable in only two birds in 
full adult plumage. 
The length of the iridescent portion of hackle feathers 
in birds of either sex was bimodally distributed (Fig. 3); the 
two component groups within each sex representing (1) birds of 
less than 12 months of age and (2) those older. Males and 
females respectively had mean iridescence values of 9.0 + 0.18 
and 5.6 + 0.05 mm in the shorter hackle group, and 14.3 + 0.12 
and 9.5 + 0.13 mm in the longer hackle group. Numbers in the 
first group were low, due largely to young birds in adult 
plumage being present in the population for little more than 
half of their first year. 
The overlapping flanks of the frequency distributions of 
each component group within each sex were separated out 
(Table 3), thus dividing each sex into three possible classes. 
Starlings with iridescence yalues of 6 - 7 mm in females 
and 10 - 12 ~ in males were considered of indefinite age 
(Group B, see Table, 3) and the remainder of each component 
group fell into either group A or group C (Table 3). 
Proportionately more females than males fell into the 
indefinite category, as the two component groups of females 
were compacted into a smaller range. 
TabLe 3. 
Size Class 
Group A 
Group B 
Group C 
THE COMP,ONENT GROUPS WITHIN THE SIZE FREQUENCY 
DISTRIBUTIONS OF HACKLE FEATHER IRIDESCENCE. 
Females Males 
N Percent Group N Percent Group 
Occurrence Limits Occurrence Limits 
(mm) (mm) 
8 5 .. 4 <6 22 11 .0 < 10 
22 14.9 6-7 26 12.9 10-12 
118 79.7 >7 153 76.1 >12 
Groups A and B of both sexes included a few individuals 
MALES ~o~ 0/ N=200 17 
::7~ 15 ? 
Mean=J43+0 // . _ .12 a I/IJ/' 
a / 13 
v' 
ji /°15/ 75 % I 0 0 
11 ~a~ Me' a an = 90 +0 I /""" . - 8 9 . 
FEMALES 
./ 
. I N= 148 
j/ 
11 :70/" 
/-
Mean=9.StO.13 /0'// 9 
//v/ 7 
• / : Mean = 5.6 :!: 0.05 ~./ J3/87!::-a_ -------------q 
--~-
Fig. 3 
The determination of the parameters of 
overlapping normally distributed component groups, 
indicated by hackle feather measurements (the Y 
coordinate). The second inflexion in the curve 
plotted for females has been ignored, as it 
concerns less than 5% of birds measured. 
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of less than 12 months old, with adult or partially adult 
plumage and a distinct bursa Fabricii. Conversely, the hackle 
iridescence of 92 adults recaptured while breeding for the 
second year, and therefore at least two years old, all fell 
into group C. Likewise, two birds banded as nestlings and 
trapped two years later had hackles within the group C range. 
3. SUMMARY 
Starlings can be sexed by the sexually dimorphic iris 
and mandibular rami colours. Iris colour is a less reliable 
criterion, especially for males (67% accuracy), than the 
colour of the bill rami (2.7% error), but the latter can be 
used only from May to December. By using a combination, and 
ignoring single indistinct characters, the criteria distinguish 
males without error and femaleS almost so (98.7%). 
Following the moult of a distinctive juvenile plumage, 
all starlings are superficially alike. However, the length of 
the iridescent portion of the lower throat hackles varies with 
age. Length frequency distributions of hackle iridescence 
show two groups within either sex representing birds in their 
first year, and those older. Using this criterion, the ages 
of a small proportion of starlings (13% of males, 15% of 
females) cannot be determined, but all birds of known age fall 
into the correct group. Iridescence values show a partial 
separation with sex, but measurements for first year males and 
older females overlap, thus the character is unreliable for 
sex determination. 
CHAPTER 4 
POPULATION STATISTICS 
1. INTRODUCTION AND METHODS 
The annual mortality of most birds is high in their 
first year but lower and approximately constant thereafter 
(Farner, 1945; Kendeigh, 1961). Starlings are no exception; 
! 
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most overseas mortality estimates are similar but show distinct 
age variations e.g. 66 and 53% for first year and adult birds 
respectively in Belgium (Delvingt, 1962), 66 and 55% in Britain 
(Lack, 1948), 73 and 62% in Switzerland (Lack, op. cit.) and 
60 and 50% in North America (Kessel, 1957). 
Mortality rates are apparently sex specific; sex ratios 
at fertilization are perforce approximately 1 :1, yet with one 
notable exception (see Loefer and Patten, 1941), in winter 
starling populations contain an excess of males e.g. estimates 
of live male free-flying birds vary from 71.1% (Bullough, 1942) 
to 75% (Coulson, 1960) in Europe, and from 52.2% 
(Stegeman, 1954) through 56.6% (Thompson and Coutlee, 1964), 
57.2% (Davis, 1959), 57.3% (Kessel, 1957) to 68.3% (Hicks, 
1934) in North America. Disproportionate ratios have been 
recorded amongst nestlings e.g. approximately 60% females 
(,Kessel, op.cit.), but more balanced ratios amongst first year 
birds e.g. 52% males, Davis, op.cit; 51% males, Kessel, op.cit. 
Although dimorphic adult roosting patterns could account for 
some of the disparity, its universality points to differential 
mortality of females. 
Knowledge of population structure is basic to any general 
ecological study and especially so in the present, where ~fforts 
were made to increase local starling popUlations. The present 
section covers population size, longevity, mortality and sex 
ratios and, following ~ Eosteriori discoveries, attempts to 
explain the preponderance of males. 
Population estimates were made at roosting, feeding and 
breeding sites (for methods at breeding sites, see Ch. 5.2.I). 
Starlings were counted at roosts either as they arrived or left 
normally, or after being startled into the air by noise; at 
feeding sites they were counted during weekly farm censuses. 
( See Ch. 6.2). 
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Adult mortality was estimated from capture-recapture 
studies of occupants of four artificial "colonies" (44 boxes) 
during J969, 1970 and 1971. Mortality of younger birds was 
estimated from recaptures of breeding birds banded as nestlings. 
The sex of 406 free-flying birds was determined by autopsy 
following their collection at feeding sites during 1969 and 
1970. Carcasses were aged by hackle-feather determinations 
and separated into first year and older birds. Nestling sex 
ratios were determined by the autopsy of 84 birds taken from 
natural sites in 1971. 
Sex ratios of all birds were tested by Chi-square 
analyses for goodness of fit to a 1:1 ratio and Yates 
correction factor for small samples incorporated. 
2. RESULTS 
I. Population estimates 
In mid-winter, 1969, starlings occupied six communal 
roosts within or peripheral to the area covered by the census 
route (Fig, 4). Bird numbers were lowest during breeding 
(roosts often being deserted then), when females roosted in 
nests and males occupied small communal roosts nearby, and 
highest in mid-winter (June and July) e.g. successive counts 
at roosts 1 and 4 (Fig. 4) were respectively - Feb. 10 - 20, 
40; March 3 - 109, 46; May 5 - 200, 61; June 7 -187, 49; 
July 14 - 400, 87; Aug.1 - 0, 81. Peak winter roosting numbers 
at local roosts ranged from 50 to 400 and totalled 1150, 
Although small ( (100) mid-winter roosts may have been missed, 
the error involved is thought to be small. 
The monthly density of birds in the area censused ranged 
from 0.159 to 0.551 / ha throughout the year, and averaged 
0.334 ± 0.0338 birds / ha (c.f. maximal densities of natural 
breeding populations of 0.14 birds / ha; see Ch, 5.3.I). As 
the area enclosed by the census route was 18.5 km2 , the number 
of starlings feeding within it was 618 ± 63; a conservative 
estimate as some birds may have been resting in nearby trees 
during each census. Feeding numbers were lower than those 
obtained at roosts, but some roosts were peripheral and 
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Fig. 4 
The location of communal roosting 
sites of starlings in mid-winter about West 
Melton. The census route is also shown 0 
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undoubtedly attracted birds from neighbouring areas. 
II. Mortality and longevity 
The rate of box occupation and capture of female 
occupants varied each year e.g. 30 females captured from 34 
occupied sites in 1969, 40 females from 44 sites in 1970 and 
30 females from 32 sites in 1971. Fifteen females were re-
captured in 1970, and eight of these captured for a third time 
in 1971. With one exception (2%), females bred in the same 
colony each year, and annual mortality, determined directly 
from the recaptured samples, was 50 and 53% in 1970 and 1971 
respectively (a minimal estimate as a few occupants were not 
captured in these years). Adult males were captured less 
frequently and data from them were sparse. 
First year mortality was determined indirectly; those 
alive after two years being estimated at 11.8% (see Ch. 5.3.III) 
c.f. 17% for similar-aged birds in Holland (Kluijver, 1933), 
and 20% in North America (Kessel, 1957). As I have little 
information on the dispersion of young birds, survivorship in 
this age class may be considerably higher. 
Longevity records are few and concern females only. 
During the entire study, 11 females were captured breeding for 
their third successive season and thus were three and probably 
four years old. Some birds in the population are probably 
older than this, as the potential longevity of any species is 
considerably greater than that commonly recorded in the field 
(Bourliere, 1946). Elsewhere in New Zealand, a starling in its 
ninth year has been recorded (Robertson, 1972) and in Europe 
birds aged 12 and 16 years recovered (Lack, 1948; Jirsik, 1934 
respectively). 
III. Sex ratios 
The male:female ratio of Canterbury nestlings (1.27:1) 
did not differ significantly from 1:1, and neither did it for 
the 73 first-year birds examined (1.28:1). Males were 
collected more frequently throughout the year but the size of 
the seasonal samples limited analysis. 
In adults, males were again preponderant throughout much 
of the year, being significantly so in winter and in yearly 
totals (Table 4). 
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Table 4. SEX RATIO OF 270 ADULTS STARLINGS COLLECTED AT 
WEST MELTON. 
Season of Collection 
JFM AMJ JAS OND Annual 
No. of males 28 58 49 23 158 
No. of females 19 34 36 23 112 
X2 adjusted value 1 .362 5.750 1 .714 7.500 
Level of significance* n.s. * n.s. ** 
Note: * for explanation of level of significance, see Ch.5.2.III. 
Adults of either sex were collected with equal frequency 
in spring, but this reflects the collecting technique rather 
than existing ratios; spring samples were collected alongside 
natural breeding sites and frequently contained mated pairs. 
3. DISCUSSION 
Approximately 1150 starlings roosted in mid-winter 
communal West Melton roosts, but fewer were present at other 
times of the year (similar trends were sho"~ by starlings in 
Britain; Symonds, 1965). The numbers roosting were larger than 
the estimated feeding or breeding populations within the study 
area; the additional birds were from neighbouring areas. 
Mortality and longevity estimates of adult females agree 
closely with overseas findings. Considerably higher mortality 
than that of adults occurs amongst local sub-adults, but this 
estimate may have been affected by post-fledging dispersion. 
Lack (1946), Coulson (1960) and Kessel (1957) considered that 
the bulk of first year mortality occurred during summer and 
autumn but in the present study this remains unproven. 
Like overseas populations, the sex ratio of adult 
Canterbury birds is significantly weighted towards males. Sex 
ratios of most birds are close to 1:1 at hatching (Mayr, 1939; 
Lack, 1954, p 10) but as ratios of local nestling and first 
year starlings are balanced, some differential mortality factor 
must be operating against females aged 12 months or older c.f. 
Mayr (op.'ci t) who considered that dimorphic mortality 0 ccurs at 
all life stages in most animals. Unbalanced ratios apparently 
arise from di~orphic adult beha~iour during the breeding season; 
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dimorphic behaviour in other seasons is minimal and males and 
females feed, flock and roost together. Females carry out a 
disproportionate amount of the incubation and feeding of 
nestlings (see Ch. 6.3.I) and are differentially vulnerable to 
predators at this time, several being taken from nests by 
stoats. Davis (1959) and Coulson (1960) similarly considered 
that differential mortality of the sexes following the first 10 
months of independent life resulted from the females' breeding 
activities, especially as some females but no males breed in 
their first year. Further, physiological stresses associated 
with laying and purported to lead to differentical mortality in 
the tree duck DendrocYgna autumnalis (Bolen, 1970) may do 
likewise in starlings; first year females have less food 
reserves than first year males or older birds (see Ch. 8.2.III) 
and those that breed are probably ill-equipped to do sOo 
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CHAPTER .5 
BREEDING BIOLOGY 
1. INTRODUCTION 
Knowledge of the breeding biology of the starling is 
essential for complete understanding of the species feeding 
ecology, for it is when the nestlings are present that starlings 
prey most heavily on selected invertebrates. It was thus 
necessary to estimate starling productivity and to determine the 
diet of the young (for nestling foods, see Ch. 6.3.V). In 
addition, as many of the prey are harmful to local agriculture, 
nest boxes were erected in an effort to increase starling 
densities locally so as to capitalize on their predation of 
harmful invertebrates found in farm lands. 
Overseas, comprehensive studies of the breeding biology 
of starlings have been made by Kluijver (1933), Dunnet (19.5.5), 
Kessel (1957) and Collins and De Vos (1966), but this is the 
only detailed study so far in New Zealand. Data 'vere collected 
from breeding birds at West Melton (fora description of the 
Study area, see Ch. 2) during three successive breeding seasons, 
1968, 1969, and 1970, with additional information collected in 
1971 " 
2. METHODS 
I. Natural and artificial populations 
The limits imposed on starling numbers in spring by food 
and nest site availability were examined by comparing the 
densities of starlings which bred in natural sites with those in 
artificially established colonies. Natural populations on a 
345 ha farm were censused in 1969 and 1970 during early and late 
November, using methods described by Williamson and Homes (1964). 
Thus I located breeding sites by listening for starling 
vocalizations, by looking for nestling d~oppings and by follow-
ing adults carrying food to nestlings. All nests were checked 
for the presence of eggs or chicks to eliminate those "occupiedll 
by non-breeding birds. 
Pla t 2 
The f orm and si t es o f nest box P. fi f'r te I ahoui 
West Nelton . Boxes wer fre uently placer) n XPOSE'O 
fe c s or am 19S hedgerow -. 
(Photo graphs - H.A. Best) 
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Artificial breeding colonies of starlings were established 
by the erection of 101 nest boxes in the late winter of 1968, 
105 (total 206) in 1969, and seven (total 213) in 1970 (Fig. 5). 
All boxes were constructed of II treated" Pinus 1.3 cm thick, and 
had inside dimensions of 20.0 x 15.2 x 1502 cm. The roof member 
was hinged at the rear, but fastened in front for easy inspect-
ion, and the entrance was either a circular hole 5 cm in diameter, 
or a slot 5 cm deep adjacent to the roof (Plate 2). In 1968, all 
boxes were placed in hedgerows or on farm buildings at heights 
greater than 5 m, but in subsequent years many were lowered for 
easier observer access, and additional boxes placed either 
contiguously or on open fencelines; the latter were equipped 
with a support 50 cm long and covered with sheet tin to prevent 
entry by mammalian predators. Following the breeding season of 
1968, isolated boxes wereresited more centrally, and those 
damaged by stock replaced. 
II. Age and breeding statistics 
To determine the breeding phenology and productivity of 
starlings twice weekly visits were made around mid-day to all 
occupied sites during the pre-egg, egg, and nestling periods. 
Simultaneously, adult starlings were trapped for age and 
demographic studies. At first they, w~retaken manually from 
the nest, but later were trapped with a pole-net, as suggested 
by DWlllet (pers. conun.)~ as they fled from the box entrance. 
Additional birds were taken from boxes at night, and similar 
trapping efforts were made outside breeding seasons. All adults 
and nestlings captured were identified with serially numbered 
metal bands, and approximately half of the captured adults 
marked with standard II colour bands" for distant recognition. 
In all, 8 adults and 108 nestlings were banded at nest sites in 
1968, 87 adults and 212 nestlings in 1969, 166 adults in 1970 
and 35 adults in 1971. Many of the birds captured in 1969, 1970 
and 1971 had been banded by the author previously. 
The age and time at which starlings first bred were 
determined by captu.re-recapture studies and from the linear 
measurements of the gonads of birds aged by hackle feather 
measurements. Gonads were collected throughout the study, fixed 
in Bouins solution and cleared with methyl alcohol; subsequent 
shrinkage was assumed to be constant. Later, the longest testis 
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The location and numbers of nest boxes 
erected about West Melton during the study. 
A few boxes were destroyed by stock each year 
and isolated boxes re-erected more centrally for 
easier observer access. 
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present in each male (usually the left) and the diameter of the 
largest oocyte visible on the ventral surface of the ovary of 
each female, were measured to the nearest 0.01 mm, using a 
stereoscopic microscope fitted with a graduated eyepiece accurate 
to 0.01 mm. In young females, ovaries were cut open as the 
largest oocytes were often obscured by the overlying germinal 
epithelitun. 
III. Analysis of data 
Statistical methods used in this thesis were generally 
taken from Sokal and Rohlf (1969). Computations Were made on 
either a CANOLA-164 P electronic desk calculator or an IBM 
360/44 computer. Programmes were selected for use from the 
Department of Zoology Standard Programme Library. Others were 
written by Mrs S.M. Robson. 
All data were screened and tested for normality of 
distribution with Programme A-1 before applying more advanced 
parametric computational methods. A~1 lists the basic 
statistics of location and dispersion, compares the sample with 
the expected frequency distribution, and indicates any 
transformation c,ode necessary to normalize non-normal data. 
Other programmes or statistical tests used have been listed in 
the text. The present chapter includes the student "t" and 
Kruskal-Wallis (H) tests for paired samples with homogeneous and 
heterogeneous variances respectively, and correlation analysis 
for estimating the association between variables. Breeding 
statistics were determined from programmes written by 
S.M. Robson. 
Means and standard errors (S.E.) have been given for most 
samples. Statistical significance was determined at the 0.05% 
probabili ty level and generally denoted by * where 0.05 > p > 0.01 , 
** where 0.01 >p > 0,,001 and *** p< 0.001. 
3. RESULTS 
I. Natural breeding populations 
The number of starlings which bred in "natural!! sites 
over 345 ha, increased from 17 pairs (0.05 / ha) in 1969, to 
23 pairs (0.07 / ha) in 1970 (Table 5). Most nests were in 
cavities in farm buildings, but a few were in fence posts, 
haystacks and hedgerows q Many were sited in loose colonial 
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Table 5. THE BREEDING DENSITIES OF STARLINGS ON 345 Ha OF 
FARMLAND AT WEST MELTON 
Date of Census 
Site of Nest 1969 1970 
5.11.69 17.11 .69 6.11 .70 24.11.70 
Farm buildings 12 -1.'3 1 5 16 
Trees 3 .'3 5 6 
Fenceposts 1 1 1 1 
Total 16 17 21 2.'3 
units, similar to the nesting associations of most Carduelinae 
finches (Lack, 1968, p26), although isolated nests were also 
found. Colonie:a result from the clumped occurrence of available 
sites, and not from a preference for colonial nesting; most 
Sturninae being solitary nesters (Lack, OPe cit. p142). Counts 
of birds about buildings may have been low, as observation was 
difficult, but probably all starlings breeding in the vigorous 
hedgerows were counted. Nest boxes were erected on the 
periphery of this farm in 1968, and were present in 1969 and 
1970. Howeyer, as the numbers of starlings in natural sites 
nearby increased in this period, the birds which occupied the 
boxes could not have been attracted from nearby natural sites. 
Table 6. THE RATES OF OCCUPATION OF NEST BOXES BY STARLINGS 
Year Boxes Box Utilization 
present Laid in Nest built Unused 
1968 97 67 (69.1 ) 6 (6.2) 24 (24,,7) 
1969 198 143 (7201 ) .'39 (19.7) 16 (8.2) 
1970 195 160 (82.0) 16 (8.2) 19 (9. 8 ) 
II. Artificial breeding populations 
The occupation of boxes by starlings increased absolutely 
each year, and rose from 67 pairs in 1968 to 160 pairs in 1970 
(Table 6). Birds bred in the same or in adjacent sites in 
24 
successive years (see below), and the increases reflected real 
changes in total local breeding populations. 
Table 7. THE OCCUPATIONAL HISTORY OF INDIVIDUAL BOXES 
Box status N Percent 
composition 
Boxes occupied in all three years 57 76 
Boxes never used 9 12 
Boxes occupied in two years or less 9 12 
Note: Only boxes present at the same site for the three years 
of study considered. 
Individual boxes were generally either consistently used 
or avoided (Table 7); the status of 88t,lh of all boxes remained 
unchanged after the first year. Thus, although there was strong 
annual competition for many sites, others were ignored through-
out the study, 
Table 8. NEST BOX OCCUPANCY IN 1968 IN RELATION TO THE 
SHAPE OF BOX ENTRANCE 
5hape of Entrance Nwnber of Boxes 
Present 
Nwnber Occupied 
Circular 
Square 
43 
29 
41 (95.5) 
20 (67.8) 
Note: For uniformity, only boxes in hedgerows were considered. 
starlings preferred boxes with circular entrance holes 
to those with larger slot-shaped entrances (Table 8). Nest 
bowls were constructed as far as possible from the box entrance, 
and boxes with excessively large openings were less satisfactory 
(also shown by McGilvrey and Uhler, 1971). Starlings preferred 
boxes sited in hedgerows to those Gill farm buildings or on fence-
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lines (Table 9), because human disturbance was less (also 
shown by Verheyen, 1969a). As in Belgium (Verheyen, op.citJ, 
starlings selected boxes placed highest (Table 10); a result 
of the birds initially searching for nest sites in the tops of 
trees and buildings and working down (Plank, 1967). 
Table 9. NEST BOX OCCUPANCY IN RELATION TO SITE 
Si te of Box 
Hedgerows 
Barns 
Exposed fencelines 
Number of 
boxes present 
72 
25 
56 
Number of Percent 
boxes occupied occupancy 
61 84.9 
6 24 .. 0 
38 68.0 
Table 10. TOTAL BOX~OCCUPANCY IN 196, IN RELATION TO NEST 
HEIGHT* 
Height of box Number of Number Occupied 
boxes present 
<2m 18 16 (89. 0%) 
2 - 5m 10 10 (100%) 
>5m 38 38 (100%) 
* Considers only boxes with circular apertures erected in 
hedgerows. 
Starlings appeared to lack any preference for cavity 
substrate when selecting nest sites (also recorded by Plank, 
op.cit.); artificial and natural nests being found in a wide 
range of sites and positions. 
The number of starlings which bred in artificial Ifcolonies" 
reached a maximum of 15 pairs, many of which bred successfully. 
As birds foraged up to 005 km away from the nest during breeding 
(see Ch. 6.3.I), densities of D.19 pairs / ha were obtained in 
isolated areas c.f. the maximum sampled natural density of 
0.07 pairs / hag 
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III. The composition of breeding starling populations 
The West Melton breeding population was comprised 
(a) birds which bred in the study area in successive years, 
(b) birds which fledged in the study area, and 
(c) birds of unknown origin. 
(a) Birds which bred in the study area in successive 
years 
Marked birds generally bred in the same colony (= a 
discrete group of boxes) and often in the same box each year. 
Of 235 adults banded at nests, 50 were recaptured 12 months 
later, and 11 of these recaptured for a third time,. 12 months 
later still. Forty-nine birds of this sample bred in the same 
colony in both I all occasions; the remaining bird moved to the 
nearest colony 2.1 km away. 
The recaptured sample included 46 females, 21 (46%) of 
which bred in the same site for two successive years, and four 
for three successive years. Only four males were recaptured, 
one at a different site. As males select the nest site 
(Marples, 1936; Kessel, 1957), their apparently greater site-
fidelity seems reasonable. 
Starlings apparently bred monogamously, and often 
retained their mates from year to year. Eleven pairs were 
banded but only two were recaptured. One partnership was 
unchanged and at the same site, but the other birds had changed 
mates; the male retaining the original nest site. In Holland, 
most birds mate anew each year (Kluijver, 1933). As birds of 
both sexes generally bred close to, if not in the site of the 
preceding year, the selection of new mates probably often 
results from the death of the old. 
(b) Birds which fledged in the study area 
Regrettably, only 8 (2.510) nestlings (4 in 1970, 4 in 
1971) were recaptured as breeding adults, all 24 months after 
fledging. One male and one female bred in their natal colonies 
but the other six (all females) were recaptured at different 
colonies (Fig. 6), The number of birds of similar history 
"expected" to breed in boxes about West Melton in 1970 was 
determined from a modification of Cave's (1968) formula viz. 
N (t _ 2) t = N ~t - 2~ 2 Nt 
nt_2 X nt x n (t - 2) t, 
where N (t - 2) t = the number of nestlings fledged in the year 
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t 2 ( == 1968) and expected to be breeding in the year 
t ( == 1970) , 
N (t - 2) == the number of nestlings fledged in the year t - 2, 
n (t - 2) == the number of nestlings banded in the year t - 2, 
Nt = the number of clutches laid in the year t, 
nt == the number of breeding birds (both male and female) 
recaptured in the year t· , and 
n (t - 2) t == the number of fledglings banded in the year t - 2 
and recaptured in the year t. 
In the present study N (t - 2) t == 1~~ x 3~~ x 4 = 9.9 
birds. 
This calculation contains two inherent approximations, but 
neither seriously affects the figure obtained. The value for 
Nt (the number of clutches laid in 1968) may have been slightly 
higp as a'few birds laid in more than one nest site. Also, 
though unlikely, some birds may not have laid in their second 
year. Kessel (1957) considered that approximately 17% of 
fledglings survived to breed two years later c.f. 11.8% (9.9) 
of all fledglings from Canterbury nest boxes. Although Kessel's 
figure was an approximation, it appears that young starlings 
generally incur a high mortality in their first two years of 
life, move out of the study area, or both. From the recaptured 
sample the latter appears likely, at least in females, but 
remains unproven. Marked birds were never recorded outside the 
study area, but as banding returns from rural passerines are 
typically notoriously low (e.g. 1-4% for most British 
passerines; Thomson, -1964), undetected movements were possible. 
(c) Birds of unknown origin 
The unmarked starlings captured breeding may have been 
immigrants or have fledged from natural nest sites within the 
study area. Having once bred however, starlings rarely moved 
to other localities in subsequent years, and it appears likely 
that unmarked birds which occupied newly erected boxes, were of 
local origin and breeding for the first time. 
IV Q The age of breeding starlings 
In November 1970, 73 breeding females were captured in 
boxes and aged. Of these, 26 had been banded as adults in the 
previous year and so were at least two years old (confirmed by 
hackle measurements); one (1.4 %). was probably one year old, 
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34 (46.6%) were two years or older, and 12 (16.4%) were of 
uncertain age. Concurrently, 20 breeding males were captured. 
Of these, three were banded while breeding in the previous 
year, but all 20 were considered to be two years old or more. 
Nest boxes at West Melton frequently contained poorly 
constructed, incomplete nests, which were never laid in 
(Table 6). These incomplete nests were frequently made, 
destroyed and re-made by unpaired males, who typically carolled 
incessantly throughout much of the breeding season. A small 
number of unfinished nests may have been built by birds which 
died prior to egg laying, and others by birds which built a 
second nest adjacent to their first (Marples, 1936), but most 
were the work of celibate males. 
The age and reproductive capacity of free-flying starlings 
were indicated by gonad size. During winter, the size of the 
gonads ,~n birds of both sexes was correlated with the 
iridescence of their throat hackles (Fig. 7, A & B; r ~ 0.603 
for males and 0.762 for females, both significant at 0.01% 
level). During spring, the correlation coefficient (r) of 
these two variables again differed significantly from zero for 
males (r = 0.423, p< 0.01), but not for females. Thus in 
spring, all first year males or those of uncertain age (hackle 
groups A and B respectively, see Ch. 3.2.II) had smaller testes 
than adult birds and, like those in Britain (Bullough, 1942), 
probably did not breed. Conversely, some first year females 
and those of uncertain age (groups A or B respectively) had 
mature ovaries in spring and must have been part of the breeding 
population. 
v. Territoriality and competition for nest sites, 
(a) Territoriality 
The territory of the starling, being the area defended 
frcm competing conspecifics (Armstrong, 1947), was in Canterbury 
limited to the nest cavity and its immediate environs. Nest 
boxes were placed one metre apart in three localities in 1968, 
and subsequently only one box of each pair was occupied by 
starlings. Natural nest sites had similar territorial limits 
e.g. starling5 bred in a disused railway siding near West Melton 
and built their nests on roof nrafters tl 1.3 m apart, but never 
on members between the rafters. The territory was apparently 
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limited to a sphere about the nest entrance, 60 to 100 cm in 
radius c.f. a sphere of 25 to 50 cm, Wallraff (1953); Kessel 
(1957). 
(b) Competition for nest sites 
(i) Intraspecific competition 
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Few nest sites remained unoccupied in any year (Table 6). 
Birds removed, and natural deserters, were rapidly replaced, 
apparently by birds about to breed for the first time e.g. on 
28.10.69 a female which had just laid was shot,and a second 
female occupied the box and laid eight days later. In another 
instance, on 26.10.70 a box partly collapsed and was deserted 
immediately, but the mater was replaced by a new female who 
laid ten days later. 
The ownership of sites and / or mates was frequently 
disputed between birds of the same sex, within the nest box 
especially in 1969 and 1970a Disputes occurred throughout the 
breeding season, and at all phases of the breeding cycle 
(Table 11). Male combatants were observed less frequently than 
females, largely because males selected sites earlier than 
females and at a time when my visits to the colonies were 
infrequent. Two males were found fighting in a nest site on 
one occasion, but as laying never followed they were probably 
one-year-old birds contesting a recently-deserted site. 
Disputes generaJly caused the destruction of eggs or nestlings 
present, and in one instance a banded adult female lvas found in 
its nest pecked to death and with its brain removed (also 
reported to occur in house sparrows, Passer domesticus, 
Summers-Smith, 1963). 
Interference with nests, and the destruction of their 
contents was common. Unidentified birds were seen.to fly from 
site to site, peer into each in turn and enter some. Breeding 
adults also visited other boxes; a marked hen with eggs of her 
own was found "incubating" a clutch laid by another bird in an 
adjacent site. Nest materials, eggs and nestlings were commonly 
found below nests, and the fatal pecking of nestlings was a 
frequent occurrence e.g. on 17.11.69 five vociferous adults 
flew in and out of a box which contained four severely-pecked 
dying nestlings. 
Table 11. 
Sex of 
combatants 
F 
32 
INTRASPECIFIC COMPETITION FOR NEST BOXES 
Date Stage of breeding 
12.8.69 nest selection 
Result of conflict 
unknown- neither bird 
became the subsequent 
occupant 
M 31.10.69 following egg laying eggs destroyed- victor 
F 
F 
25.11.69 following fledging 
23.11.69 II " 
unknown- nest rebuilt 
no further use of box 
II 
F 12.10.70 prior to egg laying both combatants 
F 20.10.70 
F 30.10.70 
F 
" 
9.11 1/20 
11 
nestling period 
during incubation 
deserted- occupied by 
new bird 
nest rebuilt 
brood destroyed- owner 
relaid 
clutch destroyed-
owner relaid 
(ii) Interspecific competition 
Starlings competed for nest sites with house sparrows 
which occupied boxes between October and January (Table 12),but 
mostly in December (66.3%). Nest boxes occupied by sparrOl<IS in 
October and November were generally those unacceptable to 
starlings because of human disturbance or territorial strife. 
Table 12. 
Time of 
occupation 
October 
November 
December 
January 
NEST BOX OCCUPATION BY HOUSE SPARROWS IN 1970 
Following starling 
occupation 
2 
59 
17 
In Unoccupied Boxes 
2 
10 
33 
House sparrows in Canterbury had three egg-laying periods 
which corresponded to their first, second and third clutches, 
and occurred in late October, late November to early December, 
and late December to early January respectively (Dawson, 1966). 
The sudden increase in box occupation by sparrows in early 
December preceded the laying of their third clutches. Although 
house sparrows, like starlings, are generally faithful to their 
nest sites, they prefer the protection of a cavity and vacate 
open natural sites when boxes are provided nearby 
(Summers-Smith, 1963). 
House sparrows preferred nest boxes erected in hedgerows 
(55; 55.6% in 1970), to those on open fence lines (20; 23.5%). 
They congregate in breeding colonies, and tend to i~~ore nearby 
apparently suitable nesting sites (Summers-Smith, op.cit.). 
Because open fence lines did not normally provide nest sites 
for them, their colonization of boxes erected there was 
generally slow~ 
VI. Egg laying 
(a) The timing of the breeding season 
Canterbury starlings breed between mid-October and late 
December (F.i;gt... 8) . Breeding follOl'ls a gonadal recrudesence 
(period of growth) that begins in mid-~inter (June) when 
temperatures are lowest, food supply variable and day-length 
the only constant environmental factor. Laying dates at West 
Melton vary significantly from year to year within narrow 
limits however, (see below) and the precise timing each year 
must be governed by some short-term factor rather than day-
length. 
Air temperatures early in October (October 1 - 10) 
affect the laying of Canterbury birds. Temperatures were 
significantly lower in 1969 than in 1970, but not 1968 
(H :::: 4.325, p < 0.05; H :::: 2.895, 0.1 > p > 0.05 respectively). 
Eggs of first clutches were laid significantly earlier in 
1968 and 1970 than in 1969 (H :::: 62.507, p < 0.001 ; . H = 39.169, 
p < 0.001, respectively), and also significantly earlier in 
1968 than in 1970 (H:::: 5.804, p<0.05), but temperatures prior 
to laying in the latter years were similar. 
(b) The gonad cycle 
The gonads of adult starlings underwent an annual cycle 
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Fig. 8 
Laying histograms of starlings at West 
Melton. Data obtained from 67 pairs in 1968, 
143 in 1969 and 160 in 1970. Concurrent mean 
daily temperatures (daily maximum / 2 + daily 
minimum / 2) are also shown. 
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of development which closely followed yearly temperature 
regimes (Fig. 9). They were smallest in March and April 
(testis length = 2.8 i 0.10 mm, .ovarian follicle diameter = 
0.38 ± 0.052 mm), and largest in October (the start of laying) 
e.g. testis length = 14.6 ± 0.35 mm, ovarian follicle 
diameter = 5.49 ± 1.038 mm. Females collected in October at 
Harewood had ovaries with follicles up to 12.6 mm in diameter; 
an ovulable size. 
Commencement of gonad recrudescence coincided with the 
appearance of breeding plumage and concomi·tant sexual activity. 
Following breeding, testes and ovaries rapidly regressed 
(returned to a non-breeding state) and sexual activity 
decreased markedly. Although the data are limited, the gonads 
of birds in juvenile plumage showed similar trends i.e. they 
regressed following fledging but recrudesced before spring. 
(c) Laying 
Starlings laid at West Melton between October 8 and 
December 11 (Fig. 8). Laying patterns were trimodal; the first 
and second modes were separated by three to four weeks, and the 
second and third modes by approximately three. The first mode 
represented eggs derived largely from first clutches, whereas 
the second and third modes were a result of the combined effect 
of first, replacement and second clutches. Many starlings lost 
clutches, but often replaced them within two weeks (8 days was 
the minimal replacement time recorded). Second layings 
followed the fledging of successful first broods, with 
successive layings five to six weeks apart. 
The synchrony of first layings determined the kurtic 
nature of the second and third laying modes. In 1969 and 1970 
the second mode was more leptokurtic (peaked) than in 1968, as 
in the later years many replacement clutches were laid 
concurrently with a number of late first clutches. In 1969, 
initial laying was interrupted by inclement weather, particular-
ly by low temperatures (Fig. 8). Reasons for the bimodal 
nature of f'irst layings in 1970 were not evident. In 1968, 
first layings were more restricted, with all (62) clutches 
started within 17 days (S.D. = 3.9) of the beginning of laying 
c.f. S.D's. of 1 Q O to 1.9 days recorded from 20 to 67 first 
clutches laid in Scotland between 1950 and 1956 (Anderson, 1961). 
Females generally laid single eggs on successive days 
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Seasonal variations in gonad dimensions 
of adult male and female starlings. Each 
monthly or bimonthly entry is represented by a 
mean (the horizontal line), one standard 
deviation (S.D.) on either side of the mean (the 
solid bar), a range (the vertical line) and a 
sample size. 
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until clutches were complete. However, 20 irregular layings 
followed the last eggs of first clutches, with time lags of 
11.65~ 0.888 days (5.98% of all first clutches). They were 
laid during the incubation and early nestling period of 
preceding clutches but, being out of phase, failed to produce 
young. Irregular layings emphasised the indeterminate nature 
of the starlings' laying, w~th their absence following later 
layings probably resulting from a physiological slowing down in 
the rate o~ conversion of food into egg material. Kessel 
(1957) recorded one irregular laying (in 301 clutches), but 
summarily dismissed it as laid by another female. Canterbury 
birds infrequently left their nests unguarded during the 
incubation period, and conspecific nest parasitism on a scale 
needed to account for the irregular layings seems unlikely. 
(d) The effect of age on the time of laying 
v 
The laYTng dates of 24 females were known for two 
successive years. In 1969, these birds laid concurrently with 
the rest of the population, but in 1970 significantly earlier 
(H = 4.455, p<0.05). In 1969, the mean age of the sample was 
apparently representative of the total population, but was 
older one year later, when all the marked birds were breeding 
for at least the second time. Similar age - laying date 
relationships have been recorded for starlings in Holland 
(Kluijver, 1933) and Belgium (Verheyen, 1969b). 
(e) Clutch size 
The clutch size of Canterbury starlings ranged from two 
to eight eggs, with the frequency of each size varying annually, 
and with successive replacement or second layings. Overall, 
clutches of 3, 4 and 5 occurred most frequently, clutches of 2 
and 6 infrequently and clutches of 1, 7 and 8 rarely. 
Single layings preceded 9.2% of first clutches. They 
generally followed the capture of pre-laying females and, with 
two exceptions, were lost immediately. Others may have been 
laid during the infrequent visits made to nest sites by 
neighbouring adults. As single eggs were of doubtful parental 
origin, they, along with part-clutches lost during laying, have 
been excluded from subsequent determinations. 
(f) Factors affecting the size of first clutches 
The average size of first clutches varied from year to 
year, with those laid in 1968 being significantly larger than 
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clutches laid in 1969 (H = 9.148, p < 0.001 ) or 1970 
(H = 4.706, p< 0.05; Table 13) . Clutches laid in 1969 and 1970 
were not significantly different. 
TABLE 13. AVERAGE CLUTCH SIZE OF STARLINGS IN CANTERBURY 
Nature of 1968 1969 1970 
Laying N. Mean S.E. N. Mean S.E. N. Mean S.E. 
First 62 4.39 0.147 121 3.90 0.101 141 4.10 0.091 
Second 7 3.14 0.242 2 3.00 0.000 14 3.79 0.207 
First 
replacement 18 4.00 0.248 41 4.1 5 0.171 46 4.41 0.159 
Second 
replacement 3 3.67 5 3.00 0.632 
Clutch size was affected by the age of the breeding hen. 
Fourteen marked birds of unknown age averaged significantly 
smaller clutches in 1969 (4.00 ± 0.335) than in 1970, when one 
year older (4.50 ± 0.167; t adj = 2.941, p< 0.05). Of these, 
five laid identical sized clutches in both years, with seven 
laying larger and two smaller clutches in the latter year. 
(g) Subsequent layings 
The frequency of second and replacement layings varied 
annually (Table 13). In 1968, second clutches followed first 
clutches more frequently (11 .3%) and replacement clutches less 
frequently (29.0%) than in any other year. Conversely, in 1969 
second clutches were rare (1 .7%) but replacement clutches more 
common (33.9%). Data from 1970 were intermediate. Similar 
annual variations in the frequency of these layings were noted 
by Kluijver (1933), Creutz (1939), and Havlin and Folk (1961). 
Starlings laid significantly smaller second (3.14 ± 0.242 
eggs) than first clutches in 1968 (4.39 ± 0.147 eggs; H = 8.174, 
p <0.001; Table 13). A scarcity of second clutches in 1969 
curtailed analysis, while in 1970 differences were not 
significant. The size of first and replacement clutches was 
similar in all years studied. 
VII. Breeding success 
(a) Mortality in the nest 
(i) Egg losses 
The nature and freque~cy of natural egg losses from first, 
second and replacement clutches were similar (Tables 14 & 15 
respectively). Unnatural losses were attributable to 
investigator disturbance. 
Table 14. LOSSES OF roGS AND NESTL:mGS FROM Fl:RST CLUTCHES AND BROODS 
Reason f'or 1085 Time 01' Loss 
Following Mid Late At Following hatching (days) 
laying inoUbation inoubation hatching o _ 5 6 - 14 15 - 22 
68 69 70* 68 69 70 68 69 70 68 69 70 68 69 7 0 68 69 70 68 69 70 
Box failure 6 4 4 4 
Predation J 4 7 13 4 
Intraspecifio 
fighting 2 11 7 5 2 2 2 18 2 5 11 2 
Unhatched 15 :l6 70 
Buried in the nest 5 
Disappear!>d 18 56 24 9 21 20 11 4 :l 24 8 80 112 44 54 27 25 47 
Starved 2 8 4 6 1J 5 
Human disturbanoe :l 10 
Note: Table exolude .. losses reSUlting direotly from the author's act.1vitie" 
* 68, 69, &. 70 = 1968, 1969, 1970 
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Table 15. LOSSES OF EGGS AND NESTLINGS FROM SECOND AND llEPLACEMENT CLUTCHES AND BROODS 
Reason :tor lose Time of La .... 
Following Mid Late At Following hatching 
laying incubation incubation hatching o - 5 
6s 69 70* 68 69 70 6s 69 70 68 69 70 68 69 70 6B 
Box f'ailure 9 
Predation 2 7 5 
Intraspeoific 
f'ighting 2 4 9 ) 7 2 
Unhatched 3 25 24 
Buried in the nest 3 
Disappeared 1S 15 21 8 .5 21 4 40 15 82 4 )4 19 10 
Starved 
.5 6 
Human di~turbanoe 
Deserted 
Note: 
.5 
Table excludes losses resulting directly f'rom the &uthor's activities 
* 68, 69, 70 indicates 196B, 1969 and 1970 
6 - 14 
69 70 
7 
1) 
11 29 
12 
S 
(days) 
15 -
6s 69 
4 
4 
22 
70 
40 
In first clutches (Table 14), most natural losses (61%) 
were recorded as 'disappeared', and occu.rred immediately 
following laying, or at the end of the incubation period. As 
21% of remaining losses were of unhatched eggs, probably many 
of those which disappeared after complete incubation also 
suffered physiological failure. 
Eggs were lost during intraspecific fights (6.1%) within 
the nest and occurred even when the resident bird managed to 
rout the transgressor. Less frequently, and independently of 
the stage of incubation, losses were due to nest-box failure 
(2.2%), burial in the nest lining (1.1%) and mammalian 
predation (3.1%). 
The losses of entire clutches resulted from box failure, 
predation, or intraspecific fighting, and single eggs from 
their burial or physiological failure. The frequency and 
causes of egg losses were similar each year, except for those 
following intra specific fighting. In 1968, nest ownership was 
rarely disputed, but in subsequent years disputes and egg 
losses occurred with increasing frequency (see Chs 5.3.V), as 
local populations became established and competition for nest 
sites increased. 
(ii) Nestling losses 
Mortality factors of nestlings and eggs were similar 
(Tables 14 & 15). Natural losses of nestlings were similar in 
nature and frequency in all types of broods (Table 14), with 
most successful broods incurring some mortality (e.g. only 
20.9% of first broods were wholly successful). 
In first broods, most losses (66.5%) occurred when 
nestlings disappeared. These were generally entire broods 
lost during early or mid-nestling periods, either from intra-
specific fighting or mammalian predation. Dur:i,ng intraspecific 
fighting, nestlings were pecked about the head and thorax and 
thrown out of the box by the parent or transgressor. Stoats 
were seen eating nestlings on two occasions, and attacked 
mainly those aged five to ten days (5.6%),when they were most 
vociferous. 
Many nestlings (11.1%) died from starvation. Generally, 
they were intermediate-aged last-hatched nestlings who, being 
smaller than their siblings, competed less successfully for 
food. Nestlings of deserted broods died from attendant 
chilling, as much as from starvation. Occasional losses 
followed the failure of boxes (2.2%) and interference by 
children (3.6%). 
(b) Breeding success 
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The breeding success of successful first clutches (viz. 
those which fledged one or more nestlings) laid in 1968 was 
significantly greater than in 1969 or 1970 (Table 16). 
Breeding success for 1969 and 1970 and hatching success in all 
years was similar. 
Hatching success (eggs hatched / eggs laid) was 
independent of clutch size, but the number of nestlings hatched 
per pair was greater in larger clutches and broods of four and 
five occurred frequently. Breeding success (nestlings 
fledged / eggs laid) was generally greatest for the modal 
clutch sizes viz. 3, 4 and 5, but in some years clutches of 
six and seven fledged more nestlings. Overall, the mean 
number of ~estlings fledged from first broods ranged from 
2.45 ± 0.050 in 1969 to 3.01 ± 0.117 in 1968, and breeding 
success from 59.97 ± 1.034% in 1969 to 68.42 ~ 1.075% in 1968 
c.f. a value of 83% obtained for starlings in North America 
(Kessel, 1957). 
Successful second broods occurred infrequently and 
although their breeding success was similar to that of 
successful first broods (72% for seven broods laid in 1968 and 
1970), they contributed little towards the overall productivity 
of the population. Replacement broods were also of little 
consequence as they rarely fledged young, and those that did 
had lower success than normal broods e.g. a maximum 56% 
success was recorded in 1968. 
4. DISCUSSION 
I. Natural and artificial populations 
Starlings in rural Canterbury build their nests in. 
cavities in farm buildings and rarely in trees. Increases in 
local populations at West Melton were obtained by providing 
artificial sites, as farm buildings occur sporadically and 
suitable sites are few. Starlings have been similarly 
established or increased elsewhere in the world, and it appears 
that the lack of suitable nest cavities commonly limits their 
breeding populations e.g. in North America (Kessel, 1957; 
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Table 16. BREEDING SUCCESS OF THE FIRST LAYINGS OF 
STARLINGS AT WEST MELTON 
Clutch No. of Hatching Ave. no. Breeding Ave. no .. 
size Clutches success hatched/pair success fledged/pair 
~ 
2 2 100.0 2.0 50.0 1 .0 
3 3 100.0 3.0 77.8 2.3 
4 10 92~5 3.7 70.0 2.8 
5 15 80.0 4.0 69.3 305 
6 2 91 .7 5.5 58.3 3.5 
Mean 4.37 87.53 3.78 68.42 3.01 
1969 
3 9 85.2 2.6 70.4 2.1 
4 27 7.5.9 3.0 59 .. 3 2.4 
5 9 84.4 4.2 57.8 2.9 
6 2 83G3 5.0 33.3 2 0 0 
7 1 100.0 7.0 57.1 4.0 
Mean 4.15 80.05 3.32 59.97 2.45 
1.22.Q. 
2 1 100.0 2.0 100,,0 2.0 
3 7 90.5 2.7 81 .0 2.4 
4 17 70.6 2.8 64.7 2.6 
5 16 80.0 4.0 60.0 3.0 
6 3 61 .1 3.7 44,,4 2.7 
7 1 100.0 7.0 28.6 2.0 
8 1 100.0 8.0 25.0 2.0 
Mean 4~43 78.20 3.45 63.34 2 .. 68 
Breeding Success 
1968 & 1969 t := 14,,271, p < 0.001 
1968 & 1970 t adj = 2.345, P < 0.05 
1969 & 1970 t adj = 1 .570, n.s. 
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Royall, 1966), Scotland (Anderson, 1961) and Czechoslovakia 
(Hudec and Folk, 1961). In North-West Germany, starling 
numbers have recently increased significantly due to local 
building programmes providing suitable sites (Oelke, 1967). 
Local increases of many other cavity-nesters have been obtained 
through the provision of nest sites e.g. pied flycatcher 
Muscicapa hypoleuca (Von Haartman, 1957; Voous, 1960), kestrel 
Falco tinnunculus (Cave, 1968), grey starling Sturnus 
cineraceous (Kurodo, 1959), myna Acridotheres tristis 
(Akhmedov,1957) and numerous cavity-nesters in Britain 
(Williamson, 1968). 
Artificial sites erected near perching stations or 
foraging areas are occupied first, as they are most easily 
located. Hedgerow boxes are used more frequently than those on 
open fence-lines or near human dwellings. 
II. The age a~d origins of breeding birds 
Canterbury starlings generally breed first when aged 
two, although a few precocious females breed when aged one. 
Males are physiologically incapable of breeding at one, 
although sometimes they occupy sites and display vigorously. 
First year female breeders, but not males, are common in many 
countries e.g. Holland (Kluijver, 1933), Belgium (Verheyen, 
1969b) and North America (Collins and DeVos, 1966), although 
both are. rare in others e.g. Latvia (Vilks and Transehe, 1933). 
Breeding follows gonadal maturation which apparently 
can be inhibited by an inadequate diet (Bissonette, 1933). 
In Canterbury, during all but final maturation, first year 
birds carry relatively less body fat than mature ones (see 
C~. 8.3) and must have greater difficulty in coming into 
breeding condition, apparently because they feed les~ success-
fully (see Ch. 6.3.IV). One-year old males may be prevented 
from breeding by the starlings monogamous mating system acting 
in association with an excess of males, which according to, 
Kluijver (op.cit.) limits social interactions and ultimately 
the maturation of courtship displays. Male magpies, Pic~ pica, 
mature at one but do not breed until the following year, 
apparently for the same reasons (Erpino, 1969)Q 
Like starlings in Holland (Kluijver, 1933) and North 
America (Kessel, 1957), Canterbury birds breed in the same 
area and often the same site each year. Fledglings generally, 
but not always, breed away from their natal colony. Most 
birds which occupy boxes in new "box-colonies" are breeding 
for the first time and are committed to them in subsequent 
years. 
III. Competition for nest sites 
Most of the nest boxes used are occupied by starlings 
each year. Their suitability for this species has one 
drawback; there is a severe annual intraspecific and limited 
interspecific competition of individual sites. Both are 
features common to many hole-nesting bird species (Von 
Haartman, 1957). 
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Males generally select nest sites and mates one month 
or more before laying begins (Kluijver, 1933; Marples, 1936; 
Cohen, 1951) although unattached Canterbury birds of either 
sex often obtain both at a later date by vigorous fights with 
mated resid~ht birds. However, other species which breed 
monogamously or pair for life generally show only limited 
competition for mates (Sibley, 1957), and much of the overt 
aggression amongst Canterbury birds is probably directed 
towards obtaining a nest site 9 
Overt aggression within nests by adults often reduces 
breeding success. One-year males have on occasion been blamed 
for most nest depredations e.g. Wallraff (1953) and Kessel 
(1957), although Kluijver (1938) believed that young males 
frequently assist in the feeding of nearby young. Similar 
competition has led to reduced breeding success in populations 
of grey starlings (Kurodo, 1964) and ~ood ducks Aix sponsa 
(Jones and Leopold, 1967). 
House sparrows frequently occupy nest boxes following 
the fledging or failure of starlings' first broods. Although 
one former resident attempted to parasitize a nest built 
subsequently by a sparrow, the smaller species generally 
appears able to limit the laying of the larger bird. House 
sparrows in Southern Russia successfully occupy the boxes of 
mynas, their bulky nests apparently forming suitable barriers 
against attacks by the larger bird (Akhmedov, 1957). 
IV. The timing of breeding 
Air temperatures determine the precise laying dates of 
many bird species, either directly through the retardation of 
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final ovulation, or indirectly throqgh food e.g. Marshall, 
1949; Lack, 1954, 1966; Owen, 1959; Cave, 1968. Laying dates 
of local starlings are determined by air temperatures with 
final ovulation being retarded by cold. 
in North America (Kessel,. 1957; Royall, 
(Dunnet, 1955) is similarly delayed. 
Laying of starlings 
1966) and Scotland 
Late spring air temperatures in Canterbury do not 
appear to determine laying dates through the regulation of 
invertebrate food species, as the nature of the latter largely 
remained unchanged prior to and during early breeding 
(determined from adult gizzard contents and nestling "collar 
samples"). The occurrence of major starling foods in Scotland 
does not change significantly at this time of year (Dunnet, 
1955). 
Gonad maturation follows an annual cycle of development 
and ~determines the appearance of breeding plumage and sexual 
activity. Gon~d growth is maximal in the month preceding lay-
ing and, as suggested for the ring dove Streptopelia risoria 
(Lehrman, 1965) and zebra finch Poephila guttata (Butterfield, 
1970), apparently results from the constant presence of a mate 
and associated changes in social life. 
v. Laying 
Canterbury starlings lay between mid-October and 
mid-December. Laying patterns are influenced by inclement 
weather, the age of breeding birds and the time of fledging or 
loss of first and successive broods. Low temperatures during 
laying (i.e. in 1969) lead to temporary cessations, with similar 
restraints shown'by golden plover Charadrius apricarius (Rowan, 
1918), fieldfare Turdus pilaris (Pitt, 1929) and several other 
Turdus species (Myres, 1955). Conversely, in a mild spring 
starlings tend to lay earlier and lay larger clutches. 
Parallel responses are shown by many species e.g. starlings in 
Germany, (Creutz, 1939) and kestrels in Holland (Cave, 1968). 
On average older birds lay larger clutches and lay 
earlier in the season than first year breeders (also shown by 
Kluijver, 1935; Lack, 1948). It was therefore surprising that 
the average clutch size laid in 1968 in newly erected boxes 
was significantly larger than in 1969, especially as starlings 
tenaciously retain their nest sites from year to year. However, 
double the number of boxes was present in 1969 and the average 
clutch size laid in boxes present both years was similar 
(H = 3.860, 0.05 > p > 0.01). 
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Second and replacement clutches follow the fledging of 
first broods or the failure of first layings respectively. 
Second clutches are laid near the end of the laying period and 
are commonest in years of early laying e.g o 1968. They only 
follow clutches laid earliest and if lost are not replaced 
(e.g. after 11.3% of first clutches in 1968 c.f. 93% of early 
broods in North America (Kessel, 1957)). Conversely, replace-
ment clutches follow losses of any clutches, whenever laid, and 
may themselves be replaced if lost. They occur most frequently 
when laying is delayed by inclement weather e.g. 19690 
Canterbury clutches average from 3.9 to 4.4 eggs and 
are smaller than those recorded in other countries, apparently 
due to differences in latitude (see Lack, 1947) e.g. clutch 
size in Holland = 5.3 (N = 1592), Kluijver, 1933; England 4.9 
(N = 1CS), Lack, 1948; Scotland 5.1 (N = 106), Dwmet, 1955; 
New York 5.5 (N = 199), Kessel, 1957. 
VI. Brood statistics and breeding success 
Nestlings remain in the nest for approximately 22 days. 
Brood sizes at hatching range from one to eight but at fledging 
are rarely larger than four. 
Most egg and nestling losses occurred during intra-
specific fighting. Others were lost to mammalian predators, 
especially intermediate-aged nestlings, and others because of 
nest box failure. A few eggs / nestlings were lost at 
hatching, apparently following physiological failure. 
Breeding success is greatest in first broods and, of 
these, is generally maximal for the commonest clutch sizes ioe o 
3, 4 and 5; the latter fledging 2Q1 to 3.5 nestlings per brood 
each year. Second and replacement broods occur infrequently, 
have a lower rate of success, fledge fewer nestlings, and 
contribute little towards the overall, productivity of the 
population. 
In summary, in years when pre-laying temperatures are 
mild and stflrlings. lay earlier than usual (viz. 1968), they 
lay larger first clutches and more frequent secane clutches, 
have larger first broods, hig-her hatching and fledging success 
and eventually fledge more nestlj_ngs. Conversely, in years in 
which .the spring elimate is less faV'Ourable and the species 
lays later (viz. 1969), birds produce smaller clutches and 
brooqs, fledge fewer nestlings, and have a lower breeding 
success. At the same time second clutches are rarer but 
replacement clutches more common. 
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CHAPTER 6 
THE FOODS AND FEEDING OF STARLINGS 
1. INTRODUCTION 
The diverse diet of starlings in rural areas of New 
Zealand and other countries has resulted in disagreement over 
whether their activities are beneficial or detrimental to 
mans' agricultural interests. Although there is an extensive 
literature on the diet of starlings (see Ch. 1), for an 
assessment of the species economic importance in rural 
Mid-Canterbury local evaluation of its feeding ecology was 
necessary. For this purpose, foraging movements and methods 
of feeding and selection of feeding sites were examined about 
local roosts ana breeding sites. Simultaneously, the diets of 
adults and nestlings were investigated; the diet of nestlings 
is important, for when they are present starlings prey heavily 
on particular invertebrates selected for their size, texture 
or palatability. 
2. METHODS 
I. Roost observations 
Knowledge of the location of communal roosts, and hence 
the daily origins of feeding flocks, permitted estimates to be 
made of foraging ranges. Roosts were located by following the 
flight lines of birds leaving or entering them, while the 
positions of others were already knO\\Tll by local farmers. In 
addition, 50 nest boxes were checked at night once a month for 
roosting birds. 
II. Feeding habits 
The diet of any animal is determined by its selection of 
feeding sites. At West Melton, feeding sites (= field 
preferences) and starling numbers over 777 ha (106 fields) were 
determined once a week, from January 1969 to March 1970 
inclusive, by driving over a 21.17 km standardized census route. 
Each census began at 1000 hr and took approximately six hours 
to complete. Halts were made at field boundaries and beside 
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larger fields and the adjoining areas scanned with 8 x 60 or 
16 x 50 binoculars. Birds feeding in short-grazed pasture 
were readily counted, but those in rank pasture or tall crops 
were I1put up" for ,counting by sounding the automobile horn. 
Starling field preferences were analysed using 
techniques outlined by Dunnet and Patterson (1970) and a 
computer programme written by S.M. Robson of this department. 
An index of the utilization of field types (= I. u.) was 
determined from the ratio between the percentage of all 
starlings seen on a particular field form and the percentage 
occurrence of that field form in the area censused-. Index 
values of less than unity showed an avoidance by birds, of 
greater than lUli ty a positive selection and of unity a lack of 
either. 
Field selection and foraging ranges were interdependent. 
The latter were delimited about roosts by the sighting or 
collection of marked birds at feeding sites. During breeding, 
foraging ranges were determined by direct observations, made 
from hides, of birds travelling to and from nest sites. 
Feeding actions and the form of flocks on a variety of 
foods and feeding grounds were also determined by field 
observation. Generally an automobile was used as a mobile hide 
and birds were often approached to within 40 m in this way. 
Food selection by caged starlings was examined during 
digestion experiments (for a detailed account of methods, see 
Ch. 7.2). When 41 adult and first year males and females were 
fed mixed meals of common foods, any species specifically 
rejected were noted. No attempt was made to place items 
randomly in feeding dishes as most were alive and active. 
Studies of food selectivity in the field involved numeric 
comparisons of the major foods eaten by feeding groups of four 
to eight birds, with the invertebrates obtained from 20 soil 
samples taken at the same site immediately afterwards. The 
latter, measuring 12 cm in diameter and 6 cm in depth were 
taken at exact sites chosen from a table of random numbers 
(Fisher and Yates, 1948), and the invertebrates present 
collected by washing' the scil over a 180 micron sieve and 
drying the turf in Tullgren extractors. 
III. The diet 
The diet of starlings at West Melton was largely 
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determined from examination of the gizzard contents of birds 
shot after more than an hour of feeding on anyone field. 
Efforts were made to collect 40 birds per month between 1000 
and 1500 hr daily throughout the year. Smaller samples in 
November and December were supplemented by foods collected 
from nestlings with the aid of feeding collars (see Kluijver, 
1933), and prey obtained in this way was whole and easy to 
identify and count. Samples were collected simultaneously 
from all members of individual broods and from nestlings of 
all age groups. Collars were kept on for up to an hour, but 
no chick was robbed of food more frequently than every third 
day. In all, 199 and 98 individual samples, each consisting 
of several "meals", were collected in 1969 and 1970 respect-
ively, and a further 80 nestling gizzards were collected in 
1 971 • 
Shot birds were immediately given an oesophageal 
injection of 1 cc of 10% formalin to arrest post-mortem 
digestion (see Van Koersveld, 1951; Dillery, 1965), and later 
frozen after approximately three llours at ambient temperatures. 
Subsequently, each gizzard sample was searched microscopically 
for earthworm setae, then washed on a 180 micron 11 Endecottn 
sieve and sorted under a variable-power stereoscopic 
microscope. Unidentified foods were catalogued (see Morgans, 
1965) and later checked against reference material. 
Invertebrate foods were quantitatively recorded using total 
numbers and percentage occurrence techniques, determined from 
quantifiable remains such as head capsules, abdomens, paired 
elytra or wings. Each method complemented the other and when 
used together eliminated much of the bias normally associated 
with such numerical methodology (see Hartley, 1948), Cereal 
remains were estimated volumetrically by spot-count methods 
(see Poore, 1969), as partly-digested plant m~terial rendered 
numerical techniques inadequate (Hartley, op.cit.). 
The size and frequ.ency of nestling meals were determined 
from the recorded frequency of parental visits to nestlings and 
on examination of foods collected after individual parental 
visits. 
The nutrient value of major foods taken by adults and 
nestlings was determined by caJ.orimetry. Twenty ( > 0.01 g dry 
weight) or 50 « 0.01 g dry weight) individuals of each 
species, depending on average size, were dried to constant 
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weight in a vacuum oven at 650 C. Samples were finely ground 
and sub-samples of approximately 0.2 g made into a pellet and 
burnt in oxygen in the combustion chamber of a "Parrl1 semimicro-
calorimeter. Subsequent methods followed those outlined by the 
Parr company (1960) and gave heats of combustion for each 
sample burnt. Calorimetric reproducibility was checked with 
five burnings of earthworms whose heats of combustion ranged 
from 5.20 to 5.68 Cal /g and averaged 5.36 ± 0.2 Cal /g ash-
free dry weight. 
The average amount of chitin present in each species 
burnt was also determined, as chitin is indigestible to 
vertebrates (Stiven, 1961) and is a common element of starling 
faeces. Method.s followed those outlined by Fraenkel and Rudall 
(1947). Samples identical to those mentioned above were boiled 
in alkali (Potassium hydroxide) for 24 hr in a reflux 
·~condenser. :Chemical action was subsequently arrested by 
neutralizing the remaining tissue in 1% Hydrochloric acid for 
5 min and later washing in distilled water for 30 min, before 
taking the sample to constant weight. Caloric values for 
chitin in each species (determined as 5 u 69 Cal /g) were then 
subtracted from the calculated heats of combustion and a value 
for the energy content of "digestible tissues" obtained. 
Finally, the total caloric value of each major species ingested 
was calculated by multiplying the value determined for 
"digestible" tissues by the number of each species recorded 
from gizzard or nestling food samples. Such values are, 
how·ever, slightly high; Sti ven (op. ci t.) reported that 
approximately 80% of ingested digestible tissues are absorbed, 
the remainder (20%) being lost in gaseous, urinary or faecal 
wastes. The fraction is apparently approximately constant for 
most arthropods and correction factors have not been added in 
this study. 
3. RESULTS 
I. Feeding activities 
(a) Daily patterns and feeding ranges 
In the non-breeding period, ~oosts are deserted each day 
immediately before or at sunrise, as birds move out in various-
sized flocks (depending largely on roost size) to feeding 
sites. On the way, vacated breeding cavities are generally 
Pi t 3 
P i k fe din' f st r J i n s . ~mal l flocks r en 
.. <1 j It a _ c l ' iO Tt wi i ll toc ut LargE' on !.; rarel}. 
(Photographs - H.A. Best) 
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visited where, even in winter when foraging time is short, 
birds may spend up to 2 hr in comfort activities and singing. 
Sometimes, similar activities occur during the day at temporary 
roosting sites adjacent to feeding areas. Starlings begin 
moving back to roosts approximately 1 hr before sunset. Nest 
cavities are again visited and desultory feeding may occur 
nearby. At sunset, birds rapidly enter roosts, although in 
autumn spectacular pre-roosting aerial displays often occur. 
Foraging ranges about West Melton roosts extended up to 
It- Ion in mid-winter but were considerably less at other times. 
In the non-breeding period, starlings always moved to the 
nearest communal roost each night and no area within the census 
route was greater than 4 Ion from any roost (see Fig. 4). The 
foraging areas of flocks from neighbouring roosts probably did 
not oyerlap (also recorded by Wynne-Edwards, 1931) as adults 
(and bften as~·~ciated' first year birds) radiated out to feed 
about their own deserted breeding-sites each day. 
(b) Flock displays 
Starlings generally feed communally, rarely on their 
own. Feeding flocks are usually species-specific and although 
other birds such as house sparrows and gulls may feed with 
starlings, they do not form an integral part of the parent 
flock. 
Flock size varies seasonally (Fig. 10). During breed-
ing, starlings commonly forage in groups of less than 10 and 
rarely in numbers greater than 30. At other times, small 
flocks ( <20) are still dominant but larger ones of 50 to 100 
birds occur frequently and 100 to 500 occasionally. 
Small flocks generally forage alongside' occupied or 
vacated nest sites. Members feed quietly one to two metres 
apart, moving slowly and independently of their neighbours 
(Plate 3). They are commonly associated with stock, 
particularly sheep (Fig. 11), using their backs as observation 
posts for predator detection and their feet as "beaters" of 
invertebrates (also recorded for some birds in North America 
e.g. cowbirds - Melothrus ater and starlings, Forbush, 1927; 
ravens - Corvus corax, Bent, 1946; ani - Crotophaga 
sulcirostris, Rand, 1953) .. During breeding, small flocks are 
characterized by birds ferrying back and forth between feeding 
and nest sites. At other times aerial movements are irregular 
48 
lIII 
40 
til I ~ III U 32 II 0 III 
...J I I ik ~24 III I II I I - I IIilI ...J a: I l1li III I ~ 16 I I III 
ik I I 1 0 III III I 
L!.l I I I!i1 N I 
- II V"J ~ 
0 
Feb. Apr. Jun. Aug. 
Fig. 10 
Seasonal variation in the flock size 
of feeding starlings. The mean and standard 
error are given for each sample. 
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50 190 o ! ,_ I~-M--:--:E~~TR 
Fig. 11 
'C The association of a starling flock 
(40 birds - solid area) with sheep (50 - hatched 
area) on a field in West Melton. Observation 
times and directions of movement are also shown. 
Note that the birds fed amongst the stock during 
all but a period of roosting shortly after midday. 
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and only follow alarms, when the flock moves en masse to 
nearby roosting trees for protection and comfort activities. 
Small flocks have small foraging ranges and probably consist 
predominantly of birds which once bred nearby; one out of two 
marked adults shot in the non-breeding period (28.1.70) was 
collected alongside (400 m away) its old nest site. 
During late summer, autumn and winter large flocks of 
100 to 500 starlings occur frequently, and members differ 
markedly in their behaviour from those in smaller flocks. In 
large flocks, birds become closely integrated with their 
neighbours through social facilitation (see Hinde, 1961) and 
often feed within pecking distance; this is apparently because 
mutual attraction overcomes normal spatial adjustments result-
ing from aggression (Emlen, 1952). Members are noisy and 
typically move rapidly and in one direction across fields in 
"roller feeding!! fashion, similar to that described for 
weavers - Quelea guelea (Ward, 1965). Birds stop momentarily 
with food and drift to the rear; they then break off and fly 
over the group to drop down in front of advancing birds. The 
flock thus undergoes a continual change of leadership. Large 
flocks are occasionally joined by small neighbouring groups, 
apparently through local enhancement (see Turner, 1964). 
(c) Parental feeding behaviour 
Nestling foods were gathered by parents in fields near 
the nest and regurgitated directly into the gapes of begging 
nestlings. Parents rarely returned to the nest without food. 
Qnce the chicks were homiothermic (3-4 days after hatching, 
Kluijver, 1938) females apparently foraged more frequently 
than males; 22 out of 30 (74%) visits recorded in 4t hr at one 
nest site were by the hen. Similar divisions of labour were 
recorded by Kluijver (1933) and Kessel (1957). 
During the nestling period, parents were observed 
foraging only on pasture (as recorded in Scotland, Anderson, 
1961) and the nestlings' foods consisted entirely of pastoral 
species of invertebrates. Starlings observed on other field 
types during the breeding season were probably non-breeders. 
Starlings changed feeding sites frequently, there being 
no maintenance of feeding territories a1though birds often 
successively returned to one particular, area in a field 
(Fig. 12), Grazing stock attracted loose groups of foraging 
/ 
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- Flight path to 
foraging site: 
, lGO 
metres I 
Fig. 12 
Consecutive foraging ranges of parent 
birds recorded about four nest sites at West 
Melton. Note the avoidance of fields of 
sprouted cereal and the frequent return to the 
same foraging site. 
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birds and feeding sites changed with random stock mO~TementSq 
Adults foraged up to 500 m away from nest sites, with 
mean values for four pairs ranging from 108 + 18.8 m to 
246 ± 31c5 m (Fig, 12). 
(d) Feeding actions 
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The feeding actions of starlings are similar to those of 
corvids (see Lockie, 1956) and are determined by flock form and 
the nature and occurrence of foods. Actions common to all 
birds but charac teristic of those in large i'locks include: 
(i) Pecking and / or surface probing - a common action 
whereby foods are picked up from the ground or surface sward, 
often following rummaging. Invertebrates IIbeaten" by 
neighbouring starlings or stock are captured in this way as 
are foods such as cereal grain and seeds. 
(ii) Arboreal pecking - similar to (i) above, but used for 
f~9d~ on elevated crop foliage, especially brassicas e.g. 
:.:" 
i 
turnips and choumoellier. 
Feeding actions confined largely to birds foraging in 
small flocks inClude: 
(i) Probing - Vigorous bill-thrusting into small crevices 
and holes to enlarge them for subsequent visual search (called 
"zirkelnll by Lorenz, 1949). Probing is used frequently in 
spring and autumn on moist pasture soils, but not during 
frosty or dry conditions. In moist soils, starlings probe the 
length of their bill (approximately 25 mm), but do not 
exchange probing for digging actions like corvids (Lockie, 
~p.cit.); invertebrates at depths of greater than 25 mm 
generally being unobtainable. 
(ii) Dung - turning - the "billing" and overturning of dry 
stock dung follOlved by an inspection of its undersurface and 
of the turf beneath. Dung-turning occurs frequently in summer 
when dung is inhabited primarily by Diptera (especially 
Sarcophag~ milleri) and numerous beetles. In this and other 
seasons, moist dung is also examined; the birds probing to 
extract prey. 
(iii) Jumping - an action used to collect aerial foods. 
Jumping is infrequent and apparently confined to mid-summer 
when Diptera are particularly common. However, many flies and 
other flying forms such as Hemiptera and Lepidoptera are 
generally taken within the sward. 
(iiii) Pouncing - a common extension of jumping; the bird 
leaping forward instead of upward at a distant prey. 
II. Selectivity of feeding sites and food 
(a) Occurrence of crop and field types 
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The nature of the fields censused (see Fig. 13) varied 
throughout the year depending on farming practices. Pasture 
was dominant (between 68 and 80%), with short-grazed grass 
(sward < 5 cm) common (approximately 80%) and long grass 
« 12%) and lucerne « 8%) less so. Fodder crops consisted 
largely of spring-sown turnips « 12%) maturing in autwnn, 
with ra.nk "fodder" cereal and lupins less comm0n. Barley, 
wheat, and oats (approximately 10%) occurred in some form or 
other throughout the year, being sown in autwnn and spring', 
harvested in summer, and remaining stubble throughout winter. 
Potatoes and peas, the only other cash crops censused, 
occurred infrequently « 3%) and were confined to warmer 
months~ Fields frequently lay fallow throughout the year 
« 21%), especially in early summer following peak cultivation 
in spring. Stock, particularly sheep, occurred on 
approximately 10% of fields censused and were confined to 
pasture, fodder crops and stubbles .. 
(b) Field selectivity 
Feeding starlings show distinct preferences (i.e. 
I.U. >1) for particular field types (Figs. 14 - 16). They 
select grass pasture in all but early winter (March to June) 
and generally avoid lucerne (Fig. 14, A & B); the selection of 
both in mid-winter results from their frequent use as cereal 
feed-lots for stock. Short-grazed pasture is consistently 
selected throughout the warmer months and the fields of' longer 
herbage occasionally (Fig. 14, C - E). Preferences are 
influenced by stock, and in their absence both field types are 
avoided. 
Starlings generally avoid cereal fields but do visit 
them in autumn when stubbles are most frequent (Fig. 15, A). 
Fields of sprouted and mature cereal are ignored, although 
rank cereal used as stock fodder in late winter attracts birds 
(Fig. 15, B). Stubbles are selected by birds from mid-summer 
to early winter, but only when stock are present (Fig. 15, C). 
Fields of turnips are selected as feeding sites during 

Fig. 13 
The route travelled and fields censused 
for craps and starlings each week about West 
Melton. 
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The selection of cereal fields by starlings. 
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and was indicative of trends shown for oats and 
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The selection of turnips and fallow fields 
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fallow land in the total area surveyed (A & D) 
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autumn, winter and early spring (Fig. 16,A), but are avoided 
in warmer months. Birds avoid fields of sprouted turnips 
(Fig. 16, B) but select those of rank. turnips whether stock 
is present or not (Fig. 16, C). 
Starlings rarely feed on fallow fields (Fig. 16, D) • 
Selection occurs during spring tilling when starlings, along 
with gulls and rooks, "follow the plough" (Fig. 16, E). The 
presence of stock is then inconsequential. Birds never feed 
on potatoes and peas. 
(c) Food selectivity 
Changes in the feeding sites and hunting behaviour of 
starlings resulted in part from inherent food preferences g 
Such preferences were shown by caged starlings who, when 
presented with mixed meals of common foods (Table 17), 
selectively ate all soft-bodied larvae and spiders present. 
Adult beetl~s and flies were apparently less acceptable, with J .. 
earthworms, Coleophora spp., Coccinella undecimpunctata and 
ce'real evert less so; the latter often ignored. An avoidance 
of coccinellid beetles seems entirely reasonable, as Imms 
(1957) reported that many members of this family are poisonous 
to vertebrates. 
In the field, evidence of food selectivity by starlings 
was conflictive. The results of five analyses of invertebrate 
nwnbers taken by birds and in pastoral soil cores taken from 
their feeding sites were -
( 1 ) : Tau := 0.2440, 0.5 >p>0.1 n. s. No. of birds := .4 
(2): Tau := 0.7)79, O. "I >p >0.05 n.s. " 6 
()) : Tau := 0.6671 , 0.05 > p > 0.01 *' II 7 
(4) : Tau := 0 .. 8744, 0.01> p >0.001 ** II 8 
(5): Tau := 0.2108, 0.5 >p >0.1 n. s. II 5 
where Tau := Kendall's coefficient of rank correlation (see 
Seigal, 1956) • 
other fields were sampled after starling collection but the 
resultant soil cores contained too few invertebrate species for 
detailed comparisons. On occasion (samples J & 4), birds 
appeared to take foods locally most abundant, but as this was 
not universal e.g. samples 1,2, 5, other factors must be 
involved. Even so, the major foods taken by starlings at West 
Melton agreed closely with the levels of natural abundance of 
the same revealed through intensive sampling at Harewood (see 
64 
Moeed, 1970), and the ease of capture of foods was obviously 
a decisive factor in starling feeding ecology. 
Table 17. FOOD SELECTIVITY OF 41* CAGED STARLINGS 
Food species No. of items No. eaten Selectivity 
offered 
Costelytra zealandica L: 82 82 1.000 
Tenebrio SPa L. 82 82 1 .000 
Muscidae gen.Wldet. L. 82 82 1 .000 
Lycosidae 
" " 82 82 1 .000 
Costelytra zealandica A~ 82 76 0.927 
Muscidae gen. Wldet. A. 82 76 0.927 
, .' 
Tenebrio sp.; A. 82 75 0.915 
Apion ulicis 164 132 0.805 
Lumbricidae gen.Wldet. 82 47 0.573 
Coleophora SPa 164 79 0.482 
Coccinella 10 4 0 .. 400 WldecimpWlctata 
Cereal grain 82 31 0.378 
Note:- Selectivity 0 = Number of food items eaten / number 
offered. 
* Coccinella WldecimpWlctata was presented to only 
10 birds. 
L~, A~ = Larva and Adult stages respectively. 
III. The availability of foods 
The availability of invertebrates commonly taken by 
starlings at West Melton can be inferred from the birds diet. 
A coincident detailed study of pastoral invertebrates was made 
at Harewood, 15 krn from West Melton, by Moeed (1970). As the 
areas appear similar in most respects, it is likely that the 
species composition and abWldance of invertebrates are also 
0 
similar, so the main findings from Moeed's study are 
summarized here. 
The Harewood insect fauna is divisible into a 
predominantly adult population throughout the warmer months 
of November to April and a larval one at other times. In 
summer, common are Coleoptera such as Costelytra zealandica 
and Aphodius howitti, dominants in October / November and 
January / February respectively, Hypharpax spp., Enneboeus 
sp., Coccinella spp., and various Elateridae and 
Curculionidae. Lepidoptera are also common, especially 
Crambus spp.,Aletia sp., Persectania sp., Agrotis sp., 
Ariathisa comma, Wiseana spp. (in October and November) and 
Coleophora sp. (November to January), as well as Hemiptera 
such as Nysius huttoni, and Diptera, especially Sarcophaga 
milleri, Sarapogon sp. and Anabarrhynchus sp. 
,,' 
Co~on winter food species include the larvae of most 
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summer forms. Exceptionally, Wiseana sp. larvae are abundant 
in surface layers from December to April but thereafter are 
found only at greater depths. Larval Diptera are common about 
the same time a Arachnids, particularly the families Lycosidae 
and Opilionidae, occur throughout the year but are most 
frequent in warmer seasons. 
Sampling at West Melton revealed that earthworms are 
the commonest soil invertebrate throughout the year (see 
Coleman, 1968). Numbers are lowest in mid-November and 
apparently vary with changes in soil moisture. The avail-
ability of plant foods at West Melton, particularly cereal, 
is dependant on farming practices and also varies seasonally 
(see Ch. 6.3.II.). 
IV. The foods of free-flying starlings 
(a) Composition of the diet 
The foods collected from free-flying starlings (assessed 
volumetrically) consisted of approximately 90% invertebrate 
and 10% plant remains, and included 75+ invertebrate species, 
11+ seed species, some plant foliage, grit and one piece of 
meat (Table 18). Of these, fifteen animal species plus cereal, 
suckling clover (Trifolium dubium) and one unidentified larval 
group (flies) occurred in at least 20% of birds collected in 
one or more seasons, and were labelled dominant foods; they 
T"b 1e 18. TilE FOOllS PRESENT IN TIl~~ GIZZARDS OF FREE FLYING STARLDIGS 
Food Species 
ANXNAL FOODS 
INSECTA 
ORTHOPTEIlA 
Grylli.dae 
Acridi.dae 
DEI1MAPTEfiA 
Fori:iculidae 
HEMII"lERA 
Gi.cadellidac 
Aphididae 
LYffB.etda.e 
Cydnidat:t 
Pentatom:idae 
Reduvidae 
NElJllOPTERA 
Hemerobiidll6 
LI~PIDOP1'ERA 
Hepia,11dae 
Colaophorldae 
Pyralidae 
Cramhidae 
Pieridae 
Geornetri.dae 
Noc tuidae 
Nemobius sp, 
PhaulacrfdiuIn marginale 
"Ftn'Cicala auricularia 
DeltoQophalU8 ~ 
n. ooroni£er 
Aulacorthwn primulae 
~~ button! 
N'x,HiuA IiIp ~ 
PhilapodemuB auatralis 
Chl?iaroQY;1n.U!i nigrosignatus 
Dic.tyotufl ~ 
OneoocQphaluB 9p. 
gen .. und.at. 
~ 
Coleophora 9P,. 
!/ltlcsia sabulo::sella 
CrambuB sp .. 
L. 
L. 
L. 
L. 
L. 
!lXantbQrrhoo'l ~ L~ 
Ar~.!ithiBa ~ 
Agroti.9 xpailon 
!!!.!.!!!. temonaulo. 
A,§ moderato. 
11Mt:lancJll;,"au U1utftns 
Pars9ctcmla aVerMa 
gen .. Wldet. 
L. 
L. 
L. 
L. 
L. 
L. 
L. 
Hyponomeut1.dae i?lutella ma.culipennlf:l. 
DIPTERA 
A:iilidac 
Dr!)~ophillrlac 
HUsc1.dllQ 
CalliphoT'idae 
HYMENOPTERA 
Ichneumonidae 
Ut'accnidao 
Spbecidae 
Ptoroma.li.dlle 
Fonnioidae 
Spheoida.e 
Pteroma.lidae 
'Fa:rm.i.oidac 
COLEOPTERA 
Carabida? 
Staphylini.dae 
gen. wldet. 
Neoitamu,s ap. 
Droaophila ~ 
Scaptomiza grrunillUlJ1 
gen. undet. 
Sarcopha.ga ~ 
CaU.1.phora. ~ 
glln. Wldet. 
g~n. llndet. 
Apantele!J ep. 
Taohytes Bp. 
gen. undet. 
~ antarot1.culi!I 
Tll.chytee sp. 
gen. und9t. 
~beluncr a.nta1'ct1.cu8 
Mutuglymrna ,monolif"6T' 
i1ypha!'PaJt antarot;l.rJua 
!!~ a1)etrU5ut!j 
L. 
L. 
L. 
L. 
Mec:yclotborax rot'Undicoll1.S. 
!!!n.!~ sp. 
nrGophilus o-culatus 
Coatolytra z081andioa 
L. 
L. 
16 
8 1,8 
0.9 
1454 61.6 
5B 8.0 
2.? 
25 
62 
101 
80 
7 
14 7.1 
115 ~ 
13 4.5 
0.9 
2B 
2 1.5 
0.9 
9 4.5 
6)9 ll...2 
,6 ~ 
0.9 
395 
4 
21 
:; 
:l.6 
4.5 
1.8 
0.9 
0.9 
1.8 
a.9 
0.9 
2 1,8 
:30 9.B 
53 11 .6 
21 2.7 
28 17.0 
102 9,8 
170 .l!L.!!. 
Senson 
~IJJ ASO 
N "" N 'f,F 
2 
6 
4114 J!!..J! 
4 0.9 
77 0.9 
211 
172B 
12 
B 
6 
J 
25 
57 
87 
24 
0.9 
0.9 
2.6 
75 1 J.8 
0.9 
19 5.2 
51 9.5 
11 5.2 
10 8.6 
16 10,7 
71) .2.1.J! 
4 1.8 
270 
1484 
18 
4 
16 
6 
12 
,2 
5 
4.5 
4.5 
0.9 
8.0 
6 1t.5 
6 ),6 
)7 11 .6 
1 0.9 
44 18.8 
6 5,4 
8 1.8 
559 ~ 
N n J 
N 1s 
16 
2650 .§.h! 
1.5 
1.5 
1.5 
10J .Jl..2 
J 4.5 
2)4 
84 
2LJl 
12.1 
,,0 
86 2LJl 
:w 7.6 
1,5 
:l '.0 
10 
109 
J.a 
J,O 
1.5 
9.1 
12.1 
7.6 
20 18.2 
Tilule 1B. 
EI-ateridae 
Cont~ 
:F'onrl 
Hydrophi lidnn 
C1eridae 
Coccina1lidae 
Ca1ydiid3.tl: 
Curculi.onidae 
Apionidas-
Tenebrionldae 
Lathrid1:idat: 
FOODS 
IIiSECTA 
1..!.~ Ylriahi1iJiJ 
Conoderue eXBul 
gun .. undet. 
~ ruCicollie 
C-occinel.lll ~
.£. undec lrnpunc ts:t;a. 
.fristoderue antars t!cu!'! 
~ instahil1.s 
At-richatuB a.,ent.'!loS!11i, 
Gonipteru,g scutel.~B. tUB 
Hynerodes bortarien.!iiB 
1I'enimus aequal:1B 
De8iantba maculate 
Liatrodores del.a.igue 
Otlnrhynchus sulcatus 
.£pi timet!?.!! gri!loalls 
Hy.la!'!l~ ater 
AU!~ uJ.:1cis 
EnnchoeulliI_ S1h 
AllACllNIDA 
ARANEIDA 
Lycueidae 
Sn1t1c1dao 
Agelilnidne 
L1nyplli idae 
gen. unde-t. 
gen. undet. 
gkn. undet. 
LQptyphantee tennis 
P1ULAI<GIDA 
'PlluJ.angiidaa Phalangium opilio 
ISOPODA 
T:eHl!l:COLJU!; 
Lumbri cidl).c 
CHILOPODA 
CRUSTACEA 
Porcellio JiJaaber 
OLIGOCllAE'rA 
(ten. undet. 
MYRIAPODA 
Gonibregmat.i,dao gnn. undQt, 
HenicopldtlA gen. undet ~ 
OTHERS 
n-RTEERATE -l'ISSUE 11 MEAT! 
PLANT FOODS 
L. 
L. 
L. 
L. 
L. 
.... GrBmineae 
So1anaceae 
~ sp. I Hordoum sp • 
SolaU\1.a nittrarn; 
Hypoohaer-1s sp. 
Compositaceae Cireium l.anceolatum 
Caryophy-l1aceae ~ §,rvgns1e 
PO.lygonaceae 
Pol'tulB.cace-ae 
Papil1onQ,cQae 
• OTHER ITEMS 
Smtll.1 stones 
Pol...x.goniunt per:sicar1a 
Portu1aCll ell'. 
Tri:fol1um repena 
1. dublum 
!. 5ubteranneum 
Chonopodium ~ 
Graa" I Plant I1Idterial. 
SAMPLE SIZE 
FliA 
11+ ",F+ 
lB) ~ 
17 7.1 
2 ) .B 
4 0.9 
0·9 
J 0.9 
J loB 
1 
6 
9 
14 4.5 
429 1l!...!i 
1905 .2L.2 
152 !!.2..l 
<.6 11.6 
7 J.6 
)21 
9 
10 
15 
25 
3 
112 
§L.2 
1.8 
0.9 
1.8 
6.J 
J.6 
0.9 
0.9 
0.9 
M J J 
II %F 
259 2!!...l 
29 10.) 
42 5.2 
0·9 
11 B.6 
6 
497 ~ 
1191 .!lL.Q 
~7 &.J....2. 
49 14.7 
20 7.B 
6 1.7 
1295 ~ 
12 
6 
2. 
I 0.9 
J 2.6 
2 0.9 
114 &!!..:.1 
14 
5.0 
40.0 
116 
0.9 
J.O 
A S 
II 
124 2.!!...2 
J5 7.1 
B!l D.4 
26 16.1 
0.9 
0.9 
I.B 
726 TJ...:Z. 
lJ51 ~ 
JJ 10.7 
9 5.4 
10 6.3 
82 17.0 
1.8 
2.7 
349 ..'U...2 
0.9 
80 ~ 
B.o 
0.9 
2. 1.8 
0.9 
6.0 6.3 
112 
Nate- - N<f. t ~F+ _ Total numbere found and percent fI'equency rebpectively. 
INUh1bersl expressed as p'ercentagea. 
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NDJ 
II '1>F 
119 §QJ! 
23 1;>.1 
27 15.2 
J 4.5 
2 .'1.0 
16 6.0 
J.O 
1057 1hl 
52 ll.i...!l. 
90 18.2 
27 18.2 
42 9.1 
126 !!h!! 
6 
34.5 
9 
20.0 
5.0 
66 
I.S 
6.1 
12..1 
6.1 
6.1 
1.5 
1.5 
-- ~~~~~-----------------------------
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included various life stages of two species of Hemiptera (plant 
bugs), two + species of Diptera (flies), four species of 
Lepidoptera (moths and butterflies), eight species of Coleoptera 
(beetles) and unidentified lycosid spiders and lumbricid earth-
worms. Other food species (approximately 57) were taken 
infrequently and were supplementary dietary components. Plant 
foliage and grit occurred infrequently and probably were 
ingested accidently. 
Total counts of each food species present in gizzards 
were generally sUbstantiated by percentage occurrence techniques 
(Table 18). A few medium to large foods were taken infrequently 
by many birds e.g. a cricket - Nemobius sp., an earwig - Forficula 
auricularia, a pentatomid bug - Dictyotus caenosus and such 
beetles as Lacon variabilis, Conoderus exsul and Xantholinus sp. 
Generally however, high percentage occurrence was indicative of 
items take~·ip large numbers, being especially true of smaller 
.. ! 
forms e.g. the "wheat bug" -Nysius huttoni (5261), larval 
pyralid moths - Witlesia sabulosella (3376), muscid fly larvae 
(787), lycosids (1008), a tenebrionid beetle - Enneboeus sp. 
(3163), a grass weevil - Irenimus aegualis (5504) and the 
Argentine stem weevil - Hyperodes bonariensis (2105). 
The caloric energies (heats of combustion in Calories / g) 
of a range of foods commonly taken by adults and nestlings were 
similar (Table 19). However the caloric value of an average 
individual of each species and of its digestible components 
varied widely, the latt~r ranging from 0.513 Calories for 
Agrotis ypsilon larvae (the "Greasy cutworm") to 0 0 004 Calories 
for Nysius huttoni. Thus, resulting primarily from differences 
in biomass, one Agrotis larva was approximately equivalent in 
the energy of its digestible components to 2,,4 earthworms, 
5 6 6 Costelytra zealandica, 5.8 Neoitamus SPa (an asilid fly), 
11.4 Conoderus larvae, 11 9 6 lycosids, 36.6 Irenimus aequalis 
and 128.3 Nysius huttoni. 
The relative importance of these and closely related 
dominants, determined from caloric values extrapolated from the 
former, varied widely in the energy budget of free-flying birds 
(Table 20). Small forms like Nysius huttoni and Hyperodes 
bonariensis were taken frequently but contributed little towards 
the birds total sustenance. Conversely, larger forms, although 
taken in smaller numbers, often contributed greatly. Although 
Table 19. CALORIC ESTIMATES OJl' A RANGE OF roODS DOMINANT IN THE DIErS 
OF FREE-FLYING AND NESTLING STARLINGS 
Food Species He~t of Combustion Mean Weight MBan Caloric 
of whole animal of chitin Value* of' (g) digestible (Oal I g) 
components (Cal) 
Agrotis yPsilon L. 5.00 0.1080 0.0048 
Nysius huttoni 5.:;0 0.0008 0,0001 
Conoderus e'XBul L. 5.10 0,0109 0,0019 
Coetelytra zealandica 
·4.87 0.0216 0.0024 
Irenimus aequalie 5.49 0,0032 0,0007 
Neoitamus sp. 4.91 0,0235 0.0019 
Lycosidao gan. undet. 5.37 0,0091 0.0006 
Lurnbricid"e :5.:;6 0,0402 
-
... 
Note - * The heat of combustion of an average individual minus the heat of 
combustion of the chitin present • 
... The chitin 
limit .. of 
in lumbricids was ignored, being within the 
0.51:3 
0,004 
0.045 
0.092 
0.014 
0.OB8 
0,046 
0,216 
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the estimated caloric values of digestible tissues, and hence 
the total available energy for each species ingested, was 
slightly greater than that assimilated by starlings (see 
methods), from counts of foods taken it is apparent that the 
invertebrate groups contributing most towards the sampled birds 
well-being were larval Lepidoptera and adult and larval 
Coleoptera; Hemiptera and Diptera amongst common forms 
contributing little. 
An accurate assessment of the caloric value of cereal 
grain ingested was more difficult to obtain. Grain averaged 
10.4% by volume of gizzard contents throughout the year; the 
mean annual wet weight of the latter being 1.60 ± 0.068 ge 
Assuming that volumetric and gravimetric ratios of the animal 
and plant foods present were roughly equivalent, the weight of 
grain per bird and for all birds was 0.166 and 67.4 g 
respecti,Vcely. Starlings ate a mixture of wheat and barley, but 
as they are of similar caloric value (approximately 3.5 Cal /g; 
Spector, 1956), no distinction was made. Thus, the value of 
grain present in all birds collected = 225 Calories and cereal 
appears to be a major element in the birds' energy budget. 
(b) Variations in diet 
(i) Seasonal variation 
The dominant foods collected from starlings varied 
seasonally (Fig. 17). Species taken most commonly from birds 
shot during the dryer warmer months of November through to 
April included two Hemiptera - Nysius huttoni and Dictyotus 
caenosus, a fly - Sarcophaga milleri, three beetles - Aphodius 
howitti, Desiantha maculata and Hypharpax abstrusus and one 
Lepidopteran larva - Agrotis ypsilon. Conversely, species taken 
most frequently from birds shot during the moister, cooler 
months of May through to October included earthworms, two 
Lepidoptera larvae - Wiseana sp. and Witlesia sabulosella and 
a beetle - Costelytra zealandica~ Other beetles like 
Enneboeus sp. and Lacon variabilis and larval muscid flies Were 
taken most frequently from birds shot in autumn and winter, 
larval Coleophora SPa (Lepidoptera) from winter, spring and 
summer birds, and adult Costelytra zealandica and COleophora 
SPa from summer and autumn ones respectively. Cereal. remains 
were recovered throughout the year, but were taken erratically 
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Table 20~ TIlE ENERGETICS OF TIlE DOMINANT ANDU>L FOODS OF FIlEE-FLYING STARLINGS 
]i'nod SpeciES' 
L. 
L. 
~ 
sabuloael.la L. 
Wiaoana sp. L. 
H)yerodea bonariensis 
Desi[m tlin maculatn 
Coatelxtra zenlandtca 
ConoderUB J!!xsJ:!! L. 
L. 
Lycosidao gen~ undet. 
Lumbric~dae gen. undet. 
Heat of 
combust10n of" 
entire anima~ 
(Cal /g) 
5.00 
0.87 
5.10 
5.:17 
0.0008 
0.00a4 
0.1080 
0.012J 
0.1510 
0.0235 
0.0055 
0,00)2 
0,0005 
0,0040 
0.0008 
o.ozoo 
0,016) 
0.0040 
0.0109 
0.0220 
0,024) 
0,0402 
Mean we~B'ht 
ot chi tin ot' 
sped ... (g) 
0,0001 
0.0011 
0.0048 
-* 
0,0005 
0.0061 
0.0019 
0.0005 
0.0007 
0,0001 
0.0009 
0,0002 
O,OOZ4 
0.0022 
0.0018 
0.0005 
0.0019 
0.00)8 
0.0042 
0.0006 
-* 
Caloric valut"j 
of digestihle 
t:lesue8 (elll) 
0,004 
0,0)9 
O.ll J 
0,00) 
0.088 
0,025 
0,014 
0.002 
0.017 
0,00) 
0,092 
0,087 
0.071 
0.017 
0,045 
0.093 
0.10J 
0.046 
0.216 
ot 1 tom.e 
'trom 
gi&zurds 
5261 
167 
2)1 
816 
10 
158 
291 
687 
2)1 
1008 
141 
Total energy 
of' digestib~e 
tiet)ue eaten 
(Cal) 
21.04 
0.8 
77,06 
4.21 
26.77 
14.79 
08.78 
),9) 
178.60 
)0 ... 6 
Tot€d energy 
i.ngosted for 
each l'lnima,l 
group (Cal) 
95.42 
2)7.42 
06.J7 
)0.46 
Note. The calcul~ted heats of combustion of th~ 'first epOCiG9 in each g~oup ~ag considered repreacntattve of 
rcla-ted formH~ Likewise the peroent chitin content determined for the :first epectes wua extrapo~nted 
to ~ndented onas~ 
"* The chi tin present in J.lUltbricios and ColaophorLl ~p. was ignol:-ed, being w:itttln the limits of the 
Qquipment used. 
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in spring. Other dominants viz. Hyperodes bonariensis, Irenimus 
aequalis and lycosids were ubiquitous in all seasons. 
The diversity of the starlings diet also varied seasonally 
(Table 18); numbers of species eaten departing significantly 
from a 1:1:1:1 ratio (X2 = 10.15,0.05 >p>O.01). Many adult 
insects, particularly Hemiptera, Hymenoptera and Coleoptera 
were taken infrequently and only during warmer months; their 
immature stages occurring in other seasons probably being more 
secretive and / or broken down more readily in gizzards. 
(ii) Variations with feeding site 
Many of the starlings foods were wide-ranging in habit 
but others were specific to crop or field type (Table 21). 
Birds collected from pasture, turnip or cereal stubble fields 
on average contained many Nysius huttoni, Enneboeus spo, 
Hyperodes bonariensis, Irenimus aegualis and lycosids. 
Conversely, cOmpl,on fonns specific to field types included 
Witlesia sabulosella, adult Costelytra zealandica and larval 
Aphodius howi tti from pasture, Plute Ita maculipennis and muscid 
fly larvae from turnips, cereal grain from cereal stubble and 
larval Wiseana sp., Costelytra zealandica and lumbricids from 
cultivated fields; the latter taken during tilling. Five birds 
were collected on irrigated summer pasture and each contained 
several lumbricids; a food rarely taken in that season. 
(iii) Variations with age 
The dominant foods of adult and recently fledged (within 
one month) starlings were identical. Also, diet diversity was 
independent of age; all (20) birds of either age group collected 
on pasture in December and February taking a similar range of 
foods (X2 = 0.024, 0.9 >p > 0 0 5).. Young starlings apparently 
recognise food species early in life and do not appear to be 
more exploratory in their feeding than older birds c.f. young 
wood pigeons - Columba paiumbus which eat a wider range of foods 
than their parents (Murton, Isaacson and Westwood, 1971)0 
The number of items present in the gizzards of birds in 
the above sample were on average greater in adults (123 u 6) than 
juveniles (84.6); differences approaching significance 
(Fs = 2.09,0.1> p>0,,05; Fs (0.05) = 2 .. 12). Compared with 
recently fledged birds, it appears that adults feed more 
intensively and / or successfully, (also shown for wood pigeons, 
Murton, Isaacson and Westwood, op.cit.). This appears to 
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conflict with a proven independence of age with the wet weight 
of gizzard contents (Ch. 8.3); the lack of significance in the 
latter possibly being due to high sample variance. 
V. The food brought to the nest 
(a) Composition of the diet 
The foods collected from nestlings were mostly 
invertebrates with arthropods predominant (50+ sPP.), although 
lumbricids (sPP.), arachnids (2 spp.), myriapods (1 sp.) and a 
gastropod mollusc were also taken (Table 22). Cherries were 
occasionally eaten. Apart from an isopod crustacean, all the 
Arthropoda eaten were insects with Hemiptera, Lepidoptera, 
Diptera and Coleoptera predominant; the last three commonly 
taken as adults and larvae. Dominant food species (those 
collected in two or more years in more than 10% of all food 
samples) were few in number, and in order of percentage 
occurrence included Agrotis yPsilon larva, lycosid spiders 
(sPP.), Costelytra zealandica, Nysius huttoni, earthworms (sPP.), 
Irenimus aegualis, Conoderus exsu.l larva, and Neoi tamus SPa 
Species recorded less frequently, but taken by 10% or more of 
birds in one of the three years of study, included Dictyotus 
caenosus, Agrotis ypsilon, Muscid flies (sPp.), Lacon variabilis, 
Coccinella undecimpunctata, Phalangium opilio - an opilione, 
and, Metaglymma monolifer, Hypharpax antarcticus and !!. abstrusus 
- all carabid beetles. 
With few exceptions, total counts of individuals of food 
~pecies collected from nestlings gave results similar to those 
obtained by the use of percentage occurrence techniques (Table 
22). Individuals taken in greatest number, in order, included 
Nysius huttoni (800), Costelytra zealandica (385), Agrotis 
ypsilon larva (268), Phalangium opilio (258), lycosid spiders 
(255), Hypharpax an tanaiaUB (193), !!. abs trusus (188), 
Coleophora sp. (161), Irenimus aequalis (124) and Conoderus 
exsul larva (113). 
The caloric value of the digestible components of 
dominant foods and the numbers ingested of each varied widely 
(Table 23), as did their relative importance in the nestlings' 
energy budget. Thus, of the energy content of dominant foods 
present in the food samples collected, 61.6% was derived from 
Agrotis larvae, with Costelytra zealandica (15.8%), lumbricids 
Table 22. THE FOODS OF f>.TE)STLING STARLINGS 
Food Species 
INSECTA 
ORTHOPTERA 
Acrididae - ~haulacridium marginale 
Stenopelmatidae - Hemiandrus similis 
DERMAPTERA 
Forficulidae - Forficula auricularia 
HEMIPTERA 
Cicadidae - Melampsalta sp. 
Lygaeidae - Nysius huttoni 
- Nysius SPa 
Pentatomidae - Dictyotus caenosus 
Cixiidae - 01iarus oppositus 
LEPIDOPTERA 
Hepialidae - Wiseana sp. 
Oeoophoridae - Atomotricha sp. 
Coleophoridae Coleophora sp. 
Pyralidae Witlesia sabulosella 
Ephestia elutella 
Crambidae - Crambus SPa 
Tineoidae - Tineola biselliella 
Pieridae -~ rapae 
Noctuidae - Agrotis ypsilon 
- Ariathisa ~ 
- Aletia moderata 
-~. temenaula 
~ 
Hyponomeutidae - Plutella sp. 
DIPTERA 
Therevidae - Arlabarrynchus sp. 
Asilidae 
" 
Saropogon sp. 
Neoitarnus sp. 
" 
Syx~hidae - Melanostoma fasciatum 
Muscidae - spp. 
Calliphoridae - Calliphora SPa 
Calliphora laemica 
Calliphoridae 
L. 
L. 
L. 
L. 
L. 
L. 
L. 
L. 
L. 
L. 
L. 
L. 
L. 
L. 
L. 
L. 
3 
6 
609 
3 
7 
28 
10 
2 
25 
2 
18 
16 
43 
83 
12 
3 
6 
2 
4 
10 
2 
2 
11 
46 
35 
15 
5 
0.5 
0.5 
1.0 
~ 
1.5 
3.6 
0.5 
2.6 
3.1 
0.5 
2,6 
0.5 
5.6 
0.5 
~ 
4.1 
1 .5, 
2.6 
1 • a 
1.5 
2.6 
0.5 
1.0 
3.1 
12.8 
0.5 
0.5 
6.2 
0.5 
2.6 
1970 
N % 
20 
4 
8 
16 
2 
2 
21 
32 
9 
1.1 
1 .1 
1 .1 
1 .1 
1 .1 
3.4 
1'.1 
1 .1 
1 .1 
1 .1 
4.5 
3.4 
1 .1 
4.5 
1971 
N % 
10 
7 
171 
24 
128 
10 
4 
164 
14 
2 
1 
15 
23 
)6 
4.4 
6.6 
15.4 
4.4 
2.2 
8,B 
2.2 
1 .1 
8.8 
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Food Species 1969 1970 1971 
INSECTA " %** 
'" 
% N N N 
HYMENOPTERA 
Ichneumonidae 
-- Pterooormus sp. 3 1.0 1 .1 
Pompilidae 
- Cn:tocheilu!I ap. 0.5 
COLEOPTERA 
Carabidae 
- ~Iegadromus sp. 1 1 .1 
Metagll::!!!ms mono lifer 11 4.6 44 
.u..J 
Uypharpax antarctiou5 13 5.6 5 5.6 175 22..0 
!:!. jibstruaus 32 6.7 5 4.5 151 28.6 
Staphylinirlao 
- Xantholinus "p. L. 0.5 
- Cre0I!hilus oculatu8 1 1 .1 
Scarllbaeida..e 
- Costelytra zeal~di¢a 292 42.1 15 14.6 82 ti.:.1 
AEhodius ~ 15 2.1 11 4.4 
P:xronota setoaa 4 2.1 
Elaterid"e Lacon variabilis 13 5.1 3 3.4 79 28.6 
L. 1 .1 
Conoderus ~ 7 3.6 15 12.1 
L. 28 
.1b..J 85 ..ll4 
Dennestidae Darrneates maoulatus J 1.0 
Cleridse Neerobia rufieolli" 4 1.5 
Coccinellidae - Cocainella undecimp~ctata 22 4.6 19 11.0 
Chrysomelillao 
- Parollai .. cha!:l:bdi" 0.5 
Atrichatus aeneieollis 1 .1 
Curr.ulionidae - Desiantha ~~culata 2 1.0 
Irenimull aegualis 38 12.8 20 l2..t.1 66 ~ 
H~erode" bonarlensis 9 2.1 2 1 .1 
Llstraceres dela!gue 1/; 1.5 
Tenebrinnidao - M1m0l2eus sp, 2 1.0 1 1 .1 
Emlebo..!E! !!J'p. 6 4.4 
ARACHNIDA 
ARANEIDA 
Lyco5idae sP1'. 88 24.1 31 ~ 1 )6 41 .8 
PB'ALAN(}IDA 
Phalangiidae 
- Phala!Yl:i "'" opilia 236 12....2 14 5.6 8 5.5 
CRUSTACEA 
ISOPODA - Porcellio ~ 21 5.1 1 .1 26 6,6 
MYRI.APODA 
CHILOPODA 
(}onibregmatidae 
- "pp. 2 0.5 
ANNELIDA 
OLIGOCHAFTA 
LlUltbricidae spp, 31 !.2.:..!!. J7 J..:L.1 )0 ~ 
MOLLUSCA 
(;ASTEROPODA Physia sp. 1.1 
PLANT FOODS 
ROSACEAE ~~ )0 0.5 
Note: N'" Nwnber of individuals collected in total sample 
Percent oocurrence 
-
aee text 
Underlined values Show foods II donlinant l1 i.n any season 
Tabl,! 23. 
Food Species 
Conode1'Us exsul 
Costelytra zealandioa 
Irenimus aegualis 
Neoitamua sp. 
Lyc05idae gen. undet. 
Lumbrieidae II 
r THE ENERGETICS 01' THE DOMINANT FOODS OF NESTLINGS 
L. 
L. 
+Mean Caloric value 
of' digestible 
components (Cal) 
0.50 
0.001t 
0.01t5 
0.092 
0.011t 
0.088 
0.046" 
0.216 
Number of' animals 
taken f'rom 
nestlings 
268 
800 
113 
385 
124 
9) 
255 
98 
Total energy 
01: digestible 
tissues taken 
(Cal) 
137.lto 
2.88 
5.06 
35.:?·;) 
1.69 
8.16 
11.60 
21.19 
Note - + - Values determined in Table 19 
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(9.5~) and lycosids (5.2~) of lesser importance. Other species 
such as Neoitamus sp. (3.7%), Conoderus exsul (2.3%), Nysius 
huttoni (1.3~), and Irenimus aequalis (0.76%) were taken 
frequently by many individuals (Table 22), but individually 
were of little consequence. 
(b) Variations in the foods taken 
The dominant food species recorded from nestlings in 
1969 were generally also dominan.ts in 1970 and 1971 (Table 22). 
In addition, a fUrther five beetle species were commonly 
recorded in 1971 viz. adult Hypharpax antarcticus, 
~. abstrusus, Lacon variabilis, Coccinella undecimpunctata and 
Metaglynuna monolifer. These were recovered more frequently 
apparently because of the different methods of investigation 
used (gizzard analysis), which biased diet patterns towards the 
harder ~~peci.es present (see Ch. 7.1). 
The variety of food species collected from nestlings in 
1969 (48 + sPp.) was greater than in 1970 (28 + sPp.) or in 
1971 (31 + sPP.). However, more than half of all collections 
were taken in 1969, when the adults of numerous beetle, moth 
and fly species were recorded casually. 
The percentage occurrence and total counts of 
individuals of dominant food species co-varied as the breeding 
season progressed (Fig. 18). Species collected most frequent~ 
ly from later-hatched nestlings included Nysius huttoni, 
Phalangium opilio and lumbricids. Conversely, Neoitamus sp. 
and Agrotis ypsilon larva were taken most f'requently from 
earlier broods, with Neoitamus sp. absent from December samples. 
Other dominants failed to show consistent seasonal trends. 
The diet of nestlings in 1969 became more diverse as the 
breeding season progressed, with the periods November 3 - 17 
(N = 36), 18 - 25 (N = 39) and after December 4 (N = 33) 
averaging 0.70, 0.79 arid 1.00 new food species per sample 
respectively. Samples collected between November 26 and 
December 3 (N = 87) were too numerous for comparison. The diet 
of nestlings in late broods was diversified by the December 
maturation and occurrence of many adult beetle and fly species. 
The numerical frequency of some fooe s~ecies taken by 
nestlings varied with nestling age (Table 24). Birds aged 
o - 5 days received fewer individuals of "hardll food species 
such as adult.Coleoptera, especially Costelytra zealandica, 
400 
2~ 
60 
30 
80 
Nysius 
huuoni 
Phalangium 
opllio 
Agrol is ypsi Ion 
1"8 • lrenimus aequalis 
~. 
8. -r:!.~ 
... -----.to 
v ----,r---r---r---:-~ 
30 • 
Lycosidl!e / ~ 
.~ : ~- _./ 
20 
• 
Lumbric idae 
.. 8 25 
7~ 
Fig. 18 
Seasonal variation in total numbers (. - .) 
and percent occurrence ( A - A ) of foods dominant 
in the diet of nestling starlingso 
Table 24. VARIATION IN THE DIETARY COMPONENTS OF NESTLING 
STARLINGS IN RELATION TO THEIR AGE 
-
Foods Taken Age o:f Nestlings (Days) 
0 5 6 11 12 + 
N %F N %F N %F 
Arachnida 
Lycosidae 59 11 ~ 0 38 3.8 22 '+.1 
Opilionidae 35 6.5 72 7.2 1 ~·3 260'7 
Lumbricidae 17 3.2 40 4.0 11 2 0 ~i 
Insecta 
Hemiptera 177 3209 266 26.5 107 20 0 
Coleoptera A. * 60 11 e2 320 31 ci8 148 27,,6 
L.** 7 1,,3 16 1 .. 6 5 0 0 9 
Lepidoptera A. 64 11 .9 71 7.1 12 2@2 
L. 57 1 OQ 6 68 6.8 44 8",2 
Diptera A. 45 8.4 83 8.3 14 2,,6 
L. 5 0.9 21 2.1 1 6 300 
Others 12 2.2 10 1 0 14 2 0 6 
N 538 1005 536 
Note: Table includes data :from gullet samples collected 
:from 287 nestlings in 1969 and 1970. 
A.* :=: Adult, L.** = Larva 
than their older conspecific$. Conversely, softer foods 
including lycosid spiders, larval and adult Lepidoptera, and 
Hemiptera occurred most commonly in samples taken from the 
youngest nestlings; opiliones being the anomaly in this 
pattern. 
(c) The size of meals 
Newly-hatched nestlings received small meals, often 
consisting only of single individuals of soft-bodied 
invertebrates such as small arachnids or moth larvae. Older 
nestlings had larger and more varied meals e.g. those of a 
brood of four averaged 0.06 + 0.005 g (N = 16) and 
0.07 ± 0.008 g (N = 24) dry weight, when aged four and eight 
days respectively (differences not significant). Individuals 
at both ages received a similar number of food items per meal 
(2.1 and 2.0 for 4 and 8 day chicks respectively), but the 
younger biyds received different and slightly smaller prey 
species. 
Older nestlings received prey ranging in size from 
large noctuid moth larvae 30 mm long (Mean = 0.11 g dry 
weight; N = 20) to nymphal aphidid bugs 2 mm long (Mean = 
0.001 g dry weight; N = 50); adults themselves ate prey 
within that size range. Meals consisted of one to ten items, 
depending on the size of the component species. A single 
lumbricid or noctuid larva often constituted a meal, but small 
bugs, weevils or colonial sarcophagid fly larvae were taken 
several at a time. 
(d) Feeding frequencies 
The parents of four broods were observed for a total of 
17 hr and 20 min. On average they fed their nestlings every 
6.5 min, with means of from 3.7 to 9.1 min (Table 25). 
Neither brood age nor size appeared to influence the frequency 
of visits but the rate was consistently highest in late 
afternoon and lowest about midday. Overseas workers recorded 
similar diurnal feeding patterns i.e. Szijj (1956), Kessel 
(1957). 
The number of nestlings fed at each visit varied with 
the age of the brood. When four days old, two out of four 
nestlings in a brood of four were fed on 12 of 16 visits, and 
one on each of the other four occasions. Four days later this 
pattern had reversed; only one nestling received food on 24 of 
26 visits, and ·two nestlings on the remaining visits. When 
Table 25. 1HI1l FREQ1IENCY OF PARENTAL FEEDING VISITS TO BROODS 
Date Box Nestlill{!: Brood. Time of' Total No. of' Vhit 
No. Age (day .. ) Size observation time (min) Visit.. f'requency 
12.11.69 Tb.:19 9 :1 1320-1500 100 12 1/8.:1 
21 .11 .69 18 2 1310-1355 45 5 1/9.0 
21.11.69 Th.:18 20 2 1215-1355 100 11 1/9.1 
1.11.70 80.14 7 :1 1540-1705 85 19 1/4.5 
6.11.70 12 :1 1445-1625 100 27 1/:1.7 
)0.11.70 Tb.40 4 4 1000-1400 240 ):J 1/7.) 
4,12.70 • 8 4 0920-15)0 )70 52 1/7.1 
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parents arrived simultaneously, the nestling which begged most 
vigorously received the most food. 
(e) Feeding rates as a measure of food intake 
In Holland, starlings with broods foraged daily from 
sunrise to sunset (Kluijver, 1933) and this was true for 
Canterbury birds also. In Canterbury, in mid-November there 
were 14 hr and 35 min of foraging time available each day. 
Adults averaged 134.6 brood visits daily or, if averaged over 
the nestling period of 22 days, 48.1 meals / day / nestling 
for a brood of three (allowing for the feeding of two nestlings 
per parental visit during the first four days) c.f. 83 meals 
per day averaged over the nestling period of a brood of four, 
Kluijver (op.cit.), cited by Lack (1948). As quantitative 
observations in Canterbury were confined to the mid-morning 
period and later, thus excluding the early morning period when 
feeding was probably most rapid (Kluijver, op.cit.; Szijj, 
1956), the mean feeding frequency obtained was probably low. 
However, it seemS unlikely that feeding rates in Canterbury 
would be as high as Kluijver's data for Dutch starlings 
suggest. 
If nestlings in broods of three and four receive meals 
of similar size, at eight days of age each would ingest daily 
3.4 g dry weight of food ( = 48.1 x 0.07). Roughly 10% of 
the food ingested is non-digestible chitin (Table 19) and a 
further 2a%.of that remaining is lost as metabolic wastes 
(see methods). Hence, approximately 2.46 g of the daily 
'intake is metabolizable. The daily energy intake of each 
nestling is 2.46 x 5.2 Calories or approximately 12.82 
Cal / day (5.2 Cals being the approximate caloric value of 
the dominant foods eaten; see Table 20). However, it must be 
stressed that this figure is at best an approximation ruld 
needs further study. 
4. CONCLUSIONS 
I. Feeding activities 
Starling flocks differ seasonally in size and behaviour. 
Throughout the year, but especially at breeding, birds 
generally occur in loosely integrated, slow-moving flocks of 5 
to 30 which are often closely associated with stock. In the non-
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breeding period, large co-ordinated flocks of up to 500 birds 
occur. Members of the latter probably have an advantage over 
those in looser aggregations. They appear to exploit foods 
more efficiently through the "beating" of neighbours (also 
recorded by Rand, 1954), often taking foods immediately behind 
adjacent birds, while the frequent co-ordinated aerial flock-
ing following alarms is a method of predator detection common 
to many bird species (Hinde, 1961). 
The feeding actions of starli~gs are affected largely 
by the nature and habit of their food. Subterranean forms 
are obtained by "deep probing" or "following the plough" ; 
sward dwellers by "pecking", "surface probingll or Ilarboreal 
pecking"; those in dung by "dung turning", and highly mobile 
forms by "jumpingll or "pouncing". 
Feeding ranges vary seasonally. During breeding, 
pare~t starlings forage on pasture within 500 m of their nest 
sitJ~ c.f. ranges of up to 1500 m for Starlings in Holland 
(Kluijver, 1938), 1600 m in Scotland (Anderson, 1961) and 
2000 m in Finland (Tenovou and Lemmetyinen, 1970), differences 
resulting from the selection of feeding sites. At other times 
birds forage from communal roosts, although adults often still 
feed about old nest sites. Even so, ranges of up to 4 km 
appear maximal for all age groups. 
II. Selection of feeding sites and food 
Starlings frequent open country and rarely feed in 
,wooded areas (Kluijver, 1938). In the former, they show 
seasonal preferences for particular field types as feeding 
sites, apparently due to phenological differences in pasture 
and crop maturity and in associated insect populations e.g. in 
Czechoslovakia starlings select fields of lucerne, marshlands 
and "green crops" in spring, grass in summer, and cultivated 
fields in autumn and winter (Szijj, 1956); in Scotland, cereal 
stubbles in autumn and generally pasture in winter (Durmet, 
1956) although, like birds in Utah, U,S.A. (Bailey, 1966), 
Scottish starlings seek artificial foods during adverse winter 
weather. 
In Canterbury, starlings also vary their feeding sites 
seasonally. In spring, summer and autumn birds select pasture 
fields, especially well-grazed grass. Supplementary foods are 
obtained in spring from fields being tilled, and in summer and 
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autumn from cereal stubbles. In winter, starlings select 
fields of turnips and other fodder crops and also occasionally 
take cereal from stock ~eed lots; the latter, however, are 
available for stock, and therefore starlings, only after 
unusually dry autumns. Starlings generally avoid emergent, 
rank or mature cereal, peas, potatoes, emergent turnips and 
luaerne, but the use or avoidance of all fields is markedly 
affected by stock; in particular~ birds in small flocks select 
fields with stock and use them as IIbeaters" c.f. starlings in 
Scotland which are infrequently associated with stock 
(Dunnet, 1955). Overall, the bulk of Canterbury starlings 
feed on pasture. Selections favouring less frequent field 
types generally involve only a small percentage of all birds 
censused e.g. 5% follow the plough in spring (Fig. 16) and 2% 
feed amongst rank cereal in winter (Fig, "15). Conversely, 
winter pasture though selected against, still suports 
approximately 36% of all birds observed. 
Starlings have frequently been termed "generalistic" 
feeders as their diet often reflects the natural abundance of 
their foods e.g. Kluijver (1933), Dunnet (1955), Korol'kova 
(1963), Davis ("1967), Gromadski (1969). However, recent 
studies have shown that many bird species feed selectively 
through searching images (see Tinbergen, 1960; Croze, 1970; 
Royama, 1970) utilizing such factors as prey palatability 
(e.g. tits-Parus spp., Tinbergen, 1960), nutritive value 
(e.g. Icelandic ptarmigan - Lagopus mutus, Gardasson and Moss, 
1970), abundance (e.g. Parus sPP. - Tinbergen, op.cit.; 
Royama, opocit.) and prey size and hardness (Tinbergen, 
op.cit.). Further, selectivity may be periodiC, tits and 
goldcrests (Regulus regulus) being strongly selective during 
periods of great food abundance (Gibb, 1954, 1960) and less 
fastidious at other times g 
Canterbury starlings also show distinct dietary-
preferences. During the nestling period, parents select food 
of a size and hardness suitable for nestlings and apparently 
ignore common, large, "hard" bodied beetles and similar foods. 
Starlings in North America (Kalmbach and Gabrielson, 1921), 
blackbirds Tul'dus merula in Germany (Korodi-Gal, 1967) great 
tits Parus major in Britain (Royama, op.cit.) and Arctic terns 
Sterna paradisaea (Hawksley, 1957) show similar changes of prey 
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selection. Preferences of Canterbury birds appear to extend 
outside of breeding; caged adults and first year birds 
preferring soft-bodied larvae and spiders to harder forms. 
The diet of juvenile and adult starlings is similar in 
content and diversity, and preferences are apparently 
established in the first post-fledging month. However, adults 
feed more successfully, presumably due to experience (also 
shown for wood pigeons, Murton, Isaacson and Westwood, 1971, 
and cattle egrets - Ardeola ibis, Siegfried, 1972). Juvenile 
wood pigeons spend considerable periods watching and learning 
from the feeding of older birds, but young starlings acquire 
such knowledge more rapidly. Throughout most of the year 
overall dietary patterns agree closely with the natural 
abundance of food species and starlings appear to follow 
Lack's (1970) tenet viz. that animal~ select food not only in 
relation to their physiological needs but also with regard to 
the ease; with which foods are captured. 
III. Di'et of free-flying and nestling starlings 
The diet of free-flying rural starlings has been 
documented many times but results have often' been non-
quantitative and / or anecdotal. Basic dietary patterns 
established overseas have usually been'similar to one another 
although the relative importance of animal and plant groups 
varies according to local species abundance, land use and 
methods of analysis. Thus, studies made in viticultural 
regions of Australia (Thomas, 1957, a - e) or Hungary 
(Szijj, 1956) or in cherry growing areas in New England, U.S.A. 
(Kalmbach and Gabrielson, 1921; Kalmbach, 1922), 
Czechoslovakia (Havlin and Folk, 1965), Hungary (Szijj, op.cit.) 
and Germany (Haberkorn, 1962) show expected preponderances of 
grapes (Vitis sp.) and cherries respectively, while others 
made in pastoral communities reveal a dominance of 
invertebrates and a lack of plant foods egg. Pfabe and 
Szypula-Gador (1964), Russel (1971), Lobb and Wood (1971). 
The starlings apparent granivorous tendencies are 
enigmatic; Kalmbach and Gabrielson (opocit.), Szijj (op.cit.) 
and Havlin and Folk (oPocit.) report that grain is taken in 
small quantities and only when major foods are in short supply, 
while Collinge (1924-27), Dunnet (1956) and Bailey (1966) 
consider cereal to be a staple food. How~ver, it is likely 
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that grain is not as important as some authors believe; foods 
break down differentially in the starlings gizzard and cereal 
grains are retained longer than animal remains (see Ch. 7.3). 
Animal foods are without exception dominated by the 
Insecta. Of these, Coleoptera appear to constitute the 
largest fraction taken in most areas, with the families 
Curculionidae, Carabidae and Scarabaeidae also important e.g. 
Kalmbach and Gabrielson (1921), Szijj (1956), Havlin and Folk 
(1965), Shadowen (1969), Gromadski (1969) and Russel (1971). 
Other major food groups include theOrthoptera - Kalmbach and 
Gabrielson (op.cit.), Korol'kova (1963), Russel (op.cit.), 
Lepidoptera - Lindsey (1939) and Diptera - Gromadski (op.cit.), 
Dunnet (1956). Miscellaneous foods are taken in much smaller 
numbers but may become important when major foods are scarce. 
Starlings in New Zealand eat similar foods to overseas 
birds. Early workers emphasised the apparent ability of the 
·.t;;i;' 
spe::Cie~ to control invertebrate pests, especially Lepidoptera 
larvae and Coleoptera (Bathgate, 1897) and also Orthoptera and 
the ectoparasites of stock (Thompson, 1922). Thompson also 
listed as common foods cultivated fruits such as pears 
(pyrus sp.), plums, peaches (both sPP.) and cherries. 
More recently, Dawson and Bull (1970) listed a similar array 
of fruits commonly eaten by starlings while Caithness (1968), 
Moeed (1970) and Lobb and Wood (1971) concurred as to the 
pastural invertebrates taken; the latter authors working close 
by my study area. At Winchmore (Lobb and Wood, op.cit.) and 
.Harewood (Moeed, op. cit.), starlings feed primarily on 
Coleoptera, especially Curculionidae (weevils - largely 
and Irenimus sPP.), Scarabaeidae (predominantly 
zealandica) and members of the Elateridae. Other 
major foods include Hemiptera, especial1,y , and 
Lepidoptera, particularly Agrotis ypsilon, and 
spP. Most staple foods are taken throughout much 
of the year, with only Costelytra zealandica distinctly 
seasonal. Miscellaneous foods listed only for Harewood, 
included members of most remaining insect orders as well as 
earthworms, arachnids and cereal. 
• The diet of independent West Melton birds is similar, 
often to species level, to that of neighbouring populations. 
Animal foods predominate (approximately 90% by volume); the 
remainder largely being cereal but including a wide range of' 
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infrequently eaten clover (Trifolium sPP.) and weed seeds. 
Small seeds may be eaten accidently; they escape digestion 
and presumably are dj.ssemina ted still viable throughout the 
study area (also recorded by Havlin and Folk, 1965). Fruits 
are rarely taken. 
Caloric evaluations of the diets of Canterbury birds 
alter the numeric level of importance of some major foods. 
Lepidoptera, especially larval forms such· as Wiseana spp., 
Coleophora spp., Witlesia sabulosella and Agrotis ypsilon 
dominate. Coleoptera are next in importance consisting 
primarily of the Curculionidae especially Hyperodes 
bonariensis and Irenimus aegualis, followed by highly seasonal 
scarabaeids - especially Costelytra zealandica and Aphod'ius 
howitti, and the more universal carabids - Metaglymma 
monolifer and Hypharpax spp. and Elaterids Lacon variabilis 
and Conoderus ex8ul. Hemiptera particularly Nysius huttoni 
are taken in large numbers throughout the year, but like less 
commonly taken insect orders such as Diptera, Orthoptera, 
Hymenoptera and Dermaptera, are apparently of little caloric 
consequence. Arachnids, lumbricids and cereal are important 
minor dietary elements. 
Dietary patterns of West Melton birds vary seasonally 
in content and diversity, and generally follow trends in the 
abundance of soil invertebrates established at Harewood 
(Moeed, 1970), with adult insects dominant in the warmer dryer 
months and larval forms, arachnids and earthworms relatively 
more common at other times. Thus, the natural abundance of 
common forms was probably similar in both areas; one notable 
exception to this concurrence being Agrotis ypsilon which was 
abundant at Harewood only in winter but a major spring food at 
West Melton - differences which may arise from Moeed's 
(op"cit.) sampling methods, as he presents data for 
Lepidoptera "with some reservation". 
Diet varied with feeding sites. Although some foods 
were apparently ubiquitous and others specific to particular 
field types, still others were available only during specific 
farming operations. Hence, pastural pest species particularly 
scarabaeid beetles (Costelytra zealandica and Aphodius howitti) 
were peculiar to pasture, although their larvae and that of 
pasture-inhabiting Lepidoptera (particularly Wiseana sPP.) 
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and earthworms were taken frequently during tilling operati@ns 
when otherwise unavailable. Likewise irrigated fields served 
as a source o:f "unseasonal foods". Cereal grain was taken 
primarily from stubble fields and secondarily from stooked 
oats and winter feed-lots. 
Nestlings at West Melton eat similar foods to 
concomitant free-flying birds (see Tables 18 & 22) i.e. 
predominantly Lepidoptera larvae, Coleoptera, Hemiptera, 
Diptera and Lumbricidae, although very young nestlings are 
fed a more restricted diet c.f. Korol'kova (1963),Gromadski 
(1969). Nestling diets are also similar to, but broader than, 
those of nestlings in other countries e.g. in Scotland -
Diptera larvae 80%, earthworms 16% (Dunnet, 1955); in the 
U.S.S.R. - Lepidopteran larvae 82% (Korol'kova, 1963); in 
Poland - Coleoptera 53%, Diptera 23%, earthworms 15% 
(Gromaqski, 1969). 
'\ 
'Caloric evaluations of Canterbury nestling diets also 
follow patterns established for local adults i.e. small forms 
ingested in large numbers such as Hemiptera and Curculionidae 
contribute minimally towards the nestlings sustenance, while 
common larger forms, especially Lepidopteran larvae and 
scarabaeid beetles, form the bulk of the ingested energy. 
Ov~rall, nestling foods are si~ilar each year but the 
abundance of dominants varies seasonally; diets become more 
diverse with the December emergence of adult Coleoptera and 
Diptera and the accompanying loss of some larval forms (also 
'recorded by Gromadski, 1969). 
Meal size varies with nestling age but is apparently 
maximal when nestlings are four to five days old. Meal sizes 
in Holland increase until 12 to 15 days after hatching 
(Kluijver, 1933), but birds in Scotland (Dunnet, 1955) show 
trends similar to Canterbury starlings. 
The numbers of meals received daily by nestlings 
depends on brood age and size. Like broods in Holland 
(Kluijver, op.cit.) only one nestling in all but the youngest 
of Canterbury broods is fed during each parental visit, with 
those in large broods being fed less frequently. Nestlings in 
average sized broods receive approximately 48 meals per day 
throughout their nestling period; a minimal daily energy intake 
of 13 Calories. 
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CHAPTER 7 
BREAKDOWN RATES OF INGESTED FOODS 
1. INTRODUCTION 
Investigations of the diet of birds have generally been 
based on numeric, volumetric or gravimetric analyses of food 
remains in the stomach e.g. 95% of 125 studies on waterfowl 
foods published between 1901 and 1965 were based wholly or in 
part on food remains in this organ (Bartonek, 1968; cited by 
Swanson and Bartonek, 1970). However, Van Koersveld (1951'), 
Vinokurov (1960), Dillery (1965) and Swanson and Bartonek 
(1970) have pointed out that different foods break down and 
disappear differentially from gizzards (the major region of 
the stomach), the rate of disappearance of each depending 
largely on the extent of sclerotization or portion of hard 
parts. This view is upheld by the marked differences between 
the relative proportions of foods stored in the crops of 
waterfowl and those found partly digested in accompanying 
gizzards (Bartonek and Hickey, 1969; Dirschl, 1969). 
Quantitative dietary studies of omnivorous birds based solely 
on identification of food remains in their gizzards obviously 
overestimate items difficult to digest. In this study of 
starling feeding ecology, the times of real and relative 
rates of breakdown and disappearance of common foods from the 
gizzard were determined to quantify the apparent diet patterns 
established from numeric analyses of gizzard contents. 
Estimates assume an approximate constant rate of intake of 
each species. This appears valid as the wide range of food 
species recovered from individual gizzard and nestling collar 
samples (see Ch. 6.3.IV & V respectively) point to isolated 
rather than sequential capture of most foods taken. Colonial 
forms like sarcophagid fly larvae are probably the exception, 
but these and other foods are randomized by sample lumping. 
2. METHODS 
In February 1971, 51 newly captured starlings were held 
in an indoor cage for three days to acclimate to laboratory 
Table 26. THE RATE 'OF DISAPPEARANCE OF FOOD ITEMS FROM THE GIZZARD OF STARLINGS 
Food Speoies Digestion period (min) 
15 30 60 120 180 
N+ %p+ N %p N %P N %p N %p 
Costelytra zealandica AO 70.6 13 30.8 ," 4 15 1 00.0 17 11 0,0 0.0 
LO 20 100.0 24 87.5 16 62.5 18 33.3 4 0.0 
Tenebrio 
++ 
sp. A 13 100.0 15 100,0 12 91.7 6" 0.0 2 0.0 
L 20 100.0 24 70.8 15 26.7 '12 8.3 4 0.0 
Apion ~ A 24 62.5 33 45.5 26 26,9 ;w 0.0 8 0.0 
Muacidae-gen.undet. A 13 76.9 19 47.5 12 16.7 8 0.0 4* 0.0 
L 18 100,0 24 62.5 16 0.0 12 0.0 4 0,0 
Lycosidae-gen.undet. A 8 62.5 14 35.7 12 8.3 7 0.0 2 0,0 
Coleophora epp. L 20 100,0 22 77.7 6 68.8 13 66.6 5 0.0 
Lumbricidae-gen.undet. 6 16.6 18 0,0 7 0,0 .5 0,0 J 0.0 
Triticum sativum 5 100,0 14 100.0 4 100.0 4 100.0 " 2 0,0 
No. of starlings in sample 10 12 8 9 2 
Note: N+ - No. of items ingested %p+ - Percent of quantifiable remains after period 
of digestion 
++Tenebrio ap. - Ccnsidered representative of large Coleoptera taken in the field 
.. - Non-quantifiable traces only AO , LO - adult and larval stages respectively 
conditions. Adequate water and a food supply of mince-meat 
and laboratory-reared arthropods were provided; only seven 
birds lost weight during this period. 
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Following the acclimation period each bird was subjected 
to a IIfeeding trial lt which consisted of solitary confinement 
overnight, the acceptance next morning of a mixed standardised 
meal, and death after a period ranging from 15 to 180 min. 
Ten birds were uncooperative and were released. Those remain-
ing (41) were supplied with a distinctive food (mince-meat) 
until 15 min before the trial meal and this \\l"as replaced after 
the meal had been ingested or rejected. 
Each meal consisted of two live individuals of adult 
and larval grass grubs, adult and larval flies, adult and 
larval Tenebrio beetles, earthworms, spiders, grains of wheat, 
and four weevils and Coleophora larvae (Lepidoptera). During 
the trials, feeding animals were closely watched through one-
way glass and uneaten items noted. 
After death the experimental birds were treated 
identically to those collected for food studies in the field 
(see Ch. 6.2.III.). Subsequently, the nature and frequency 
of quantifiable remnants of each food present in the gizzard 
were compared with that ingested,to determine correction 
factors. Further analysis followed that outlined by Mook and 
Marshall (1965), who considered that for a ccnstant rate of 
ingestion of invertebrate foods by the olive-backed thrush 
Hylocichla ustulata, the ratio of identifiable foods remaining 
in the gizzard to the total number eaten during a two hcur 
period before death, was a function of the rate of disappear-
ance during that period i.e. the percentage retained after any 
time interval equalled Area B / Area A + B (see Fig. 19). 
3. RESULTS 
Starlings immediately devoured whole most constituents 
of the meals presented. Food species differed in their break-
down rates (Plate 4) and hence the rates at which quantifiable 
portions disappeared from bird gizzards (Table 26) i.e. such 
portions as head capsules, both mandibles, elytra or other 
elements which permitted a real assessment of the animals 
eaten. 
Earthworms disappeared most rapidly, only setae being 
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Fig. 19 
Rates of disappearance of two major foods 
from the gizzard of starlings. The percentage 
of each species retained after 120 min of feeding 
is equal to Area B / Area A + B. 
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THE FORM OF FOOD ITEMS AFTER DIFFERENT PERIODS OF 
DIGESTION IN THE GIZZARD OF STARL1NGS 
(PHOTOGRAPH - J. BURNIP). 
Digestion Period 
(Min). 
Usual Form of Food 
15 (a) 
30 (b) 
60 (c) 
120 (d) 
'180 (e) 
Earthworms and small species often lost. 
Larval forms, adult·· flies and arachnids 
squashed. Adult beetles slightly 
dismembered. Cereal and Coleophora spp. 
whole. 
As above plus - earthworms and arachnids 
rarely present. Larval forms indicated 
only by head capsules, adult beetles by 
intact heads but fragmented bodies. 
Adult flies present as traces. 
As above plus - adult and larval flies 
and adult weevils generally not present. 
Beetle larvae represented by free 
mandibles, adults by fragmented head 
capsules. Cereal and Coleophora spp. 
tattered .. 
As above plus - beetle adults and larvae 
in traces apart from mandibles. Cereal 
and Coleophora spp. fragmented. 
Non-quantifiable traces of the harder 
forms only. 
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detected after 15 min. Small soft-bodied forms like spiders, 
fly adults and larvae, and weevils also disappeared quickly, 
only 36, 47, 62 and 45% respectively remaining after 30 min. 
One hour after ingestion, larger beetles and their larvae were 
often non-quantifiable i.e. 31, 63 and 27% of ingested adult 
and larval Costelytra and larval Tenebrio SPa present 
respectively, while after two hours only cereal and the cases 
of larval Coleophora spp. remained whole. No quantifiable 
remains were recorded 3 hr after ingestion. For similar foods 
in the meadowlark Sturnella neglecta (Bryant, 1914) and some 
corvids (Van Koersveld, 1951), the order of loss, but not the 
exact rates, approximated results for the starling. 
Table 27. ESTIMATES OF COMMON FOODS QUANTIFIABLE AFTER 
TWO HOURS OF REGULAR FEEDING 
Food Species 
Costelytra zealandica 
" " 
Tenebrio sp. 
" 11 
Apion ulicis 
Muscidae-gen.undet G 
11 
" 
Lycosidae-gen.undet. 
Coleophora spp. 
Lumbricidae-gen.undet. 
Triticum sativum 
* 
A+ 
L+ 
A 
L 
A 
A 
L 
A 
L 
A 
No. estimated Correction 
to be present factor*-
af'ter 2 hr (%) 
40.4 2 .. 5 
67.4 1 .5 
74.0 1 .4 
72.4 1 .4 
29.8 3.4 
28.2 3.5 
30.0 3Q3 
22.4 4.5 
75Q4 1 .3 
4.5 22.2 
100.0 1 .0 
Note - for explanation of correction factor, see text. 
A+ and L+ - adult and larval stages respectively. 
The "expected" percentage of each food present ,two hours 
after' ingestion and the correction factor derived from this 
varied considerably (Table 27) e.g. approximately 22% of all 
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lycosid spiders eaten over a 2 hr period before death will be 
quantitatively recognisable at the end of it i.e. the number 
ingested is 4.5 times the number subsequently found in the 
birds gizzard. For cereals, 100% of that ingested will still 
be recognisable after 2 hr, so the amount ingested is equal 
to the amount present. 
4. DISCUSSION 
A reliable method of assessing the foods taken is 
i.mperative in any dietary studYG In the starling's gizzard, 
food species are lost differentially and the greater the time 
lapse between ingestion and death (and a subsequent fixation 
of the gizzard contents), the greater the bias towards harder 
foods present. Thus, for this bird species, and probably most 
others, the numbers of foods present in the gizzard at any 
time do not represent true proportions of the numbers ingested. 
However, the latter may be determined from the rate of loss 
sho~ by each species eaten. In the present study, correction 
factors have been calculated for common or representative 
food species, and extrapolation to identical or similar forms 
taken in the field enables the calculation of real rather than 
apparent numbers of foods taken. 
Plat 5 
Tl1 ' V i 5C{'ra l rlt rle r 0 stallill{TS 
(photo~raph - B.A. Best) 
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CHAPTER 8 
CHANGES IN BODY WEIGHT 
1. INTRODUCTION AND METHODS 
The physiological well-being of an animal or population 
is largely dependent on the nature and amount of food it 
ingests, and is predictable from live weight changes following 
weight changes of its organs. This study analysed variations 
in thf~ weight of live starlings, their liver, ether-extractable 
"fats" (fats, paraffins, waxes and alcohols), fat-free tissues 
and gizzard contents, and evaluated seasonal well-being of 
first year and adult males and females g 
« The collection of starlings has been described 
separately (see Ch. 6.2.III.). Approximately 400 carcasses 
were sexed, aged, weighed (= "live weight") to the nearest 
0.1 g on a Mettler pan balance and then frozen for subsequent 
analysis. Each carcass was later thawed and the intact liver, 
gonads, gizzard contents and perivisceral fat depot removed and 
weighed separately on the same balance~ The latter, a discrete 
depot underlying the viscera adjacent to the rectum, provided 
an estimate of total fat for all birds (Plate 5). The fat 
extractable by petroleum ether (B.P. 40 - 60 0 C) was determined 
for birds collected in March, June, September and December; 
these months being representative of the four seasons. Methods 
of extraction were adapted from Rogers and Odum (1964). and 
Bamford (1970). Each carcass, with plumage intact but minus 
the intestine, gizzard contents, liver, perivisceral fat depot 
and gonads, was cut into several pieces and finely minced in a 
laboratory "Waring" blender. The intestine minus obvious fat 
was discarded because of errors arising from the presence of 
digested food. The minced remains were dehydrated in an oven 
at 600 C to establish dry weights. Fat was extracted from 
each dried specimen by three successive boilings in petroleum 
ether in a constant-temperature water bath. Solvent from each 
boiling was subsequently filtered, and after the third 
filtration the samples again dehydrated and weighed to obtain 
the weight of dry fat-free tissues and, indirectly, ether-
Table 28. 
Season 
Autumn 
Winter 
Spring 
Summer 
Yearly 
aggregate 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
ANALYSES OF VARIANCE OF THE LIVE WEIGHTS OF 
STARLINGS WITH SEX AND AGE 
A. SEX 
First year birds 
Live weights (g) s of Fs Level of 
Male Female freedom significance 
83.54 79.92 1,25 3.454 n. s. 
85.37 80.22 1 ,14 2.509 n. s. 
87.10 81 .19 1 ,14 5.860 * 
76.17 72.79 1 ,1 5 1 .556 n. s. 
Adult birds 
88.01 82.14 1 ,194 55.06 *** 
B. AGE 
Males 
Adult First year 
84.94 83.54 1 ,36 0.235 n.s. 
90.48 85.37 1 ,49 5.390 * 
87.75 87.10 1 ,48 0.131 n,s, 
87.40 76.17 1 ,22 47.300 *** 
Females 
Adult First year 
81 .58 79.92 1 ,31 1 .230 n$ S;/II 
83.54 80.22 1 ,35 1 .272 n. s. 
82.22 81 .19 1 ,37 0.284 n. s. 
81 .07 72,79 1 ,24 9.944 ** 
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extractable fat. As a check on the extraction methods, 10 
carcasses were boiled a fourth time and, within the limits of 
the equipment used, no further weight lost. The total fat of 
birds other than those used in chemical extractions was 
predicted from regression equations developed by regressing 
the perivisceral fat on total fat; the equations for each 
season being: 
March Y = 0.406 + 0.490 X 
June Y = 0.665 + 0.173 X 
September Y = Og486 + 0.442 X 
December Y = 0.384 + 0.638 X 
The variation in the fat content of all starlings collected 
relative to body weight was examined indirectly by regressing 
live weights on fat-free body weights (= live weight - total 
fat) and comparing the regressions using analysis of co-
variance techniques (see Snedecor and Cochran, 1967). 
Finally, seasonal variation in the live weight of birds, their 
livers, total fat, fat-free tissues and gizzard contents were 
tested with a posteriori single classification analysis of 
variance techniques followed, where significance occurred 
(p < 0.05), by Gabriels' sum of squares simultaneous test 
procedure (SS-STPj Sokal and Rohlf, 1969, p.237). SS-STP 
analyses rank samples in decreasing magnitudes of their means, 
with means not covered by two lines and enclosed by the range 
of anyone line (see text), significantly different from 
others. Variation with age and sex of the same carcass 
variates was tested subsequently using single classification 
analysis of variance (Sokal and Rohlf, op.cit., Ch g 9). 
2. RESULTS 
I. Live weight 
The live weights of starlings were greatest in winter 
and least in summer; a trend typical of birds (Baldwin and 
Kendeigh, 1938). Adult seasonal variation did not differ 
significantly from zero, presumably because of high intra-
sample variation i.e. males decreased seasonally from 
90.4B + 0.896 to 84.94 ± 1.310 g and females from 
83.54 + 1 .230 to 81 .07 + 1 .309 g c.f. mid-winter maximums for 
Table 29. 
Season 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
ANALYSES OF VARIANCE OF FRESH LIVER WEIGHTS OF 
STARLINGS WITH SEX AND AGE. 
A. SEX 
First year birds 
Liver weights (g) Degrees of Fs Level of' 
Male Female freedom s i gTlif ic anc 8 
3.05 
2,87 
3.11 
2.98 
Male 
2.89 
3" 61 
3.25 
3.21 
Adult 
2.89 
3.61 
3.25 
3.21 
Adult 
2,72 
3.27 
3.07 
2.84 
2.55 1 ,17 
3.48 1 ,1 4 
3.25 1 ,13 
3.27 1 ,14 
Adult birds 
Female 
2.72 1 ,21 
3.27 1 ,71 
3,07 1 ,70 
2.84 1 ,27 
E, AGE 
Males 
First year 
3.05 1 ,24 
3.87 1 ,51 
3.11 1 ,48 
2.98 1 ,23 
Females 
First year 
2.55 1 ,14 
3.48 1 ,34 
3.25 1 ,35 
3.27 1 ,1 8 
4,503 * 
1 0586 n,so 
0.258 nos![I 
1 .201 n. s, 
0,866 ill! S Q 
4.510 * 
1 . 1 51 Ilili [, oJ 
4.289 0,t-
0.792 n.s. 
1 0205 
0,193 
1 ,286 
0.597 n, s" 
0.535 
1 .159 11. S , 
3.280 
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adult male and female starlings in North America of 87.42 and 
82.73 g respectively (Hicks, 1934). Live weights of first 
year Canterbury birds followed patterns set by adults (also 
shown by Dunnet, 1956), with stunmer weights significantly 
lower than spring and autumn weights in females and spring, 
autumn and winter weights in males i.e. 
Mean live weight (g) 
First year females 
First year males 
Spring 
81.2 
87.1 
Autumn 
80.2 
85.4 
Winter Summer 
79.9 72 .. 8 
83.5 76.2 
Male starlings were generally heavier than females of 
similar age (Table 28). Adults differed significantly in 
their aggregate means but first year birds differed only in 
spring as they approached adult weight. Adults on average 
were heavier than first years; significant differences 
occurring between females in summer, and between males in 
summer and winter. Starlings of both sexes are smallest in 
summer following fledging, but close to adult weight by the 
subsequent autumn. 
II. Liver weights 
Liver weights varied seasonally. Trends amongst sex 
and age groups were similar, with the livers of all birds 
significantly heavier in winter than in autumn. First year 
males also showed significant winter and summer differences 
i.e. 
Intact Liver Weights (g) 
Winter 
Adult females 3.27 
Adult males 3 .. 61 
Winter 
First year females 3.48 
Winter 
First year males 3.87 
Spring 
3 .. 07 
3.25 
Summer 
3.27 
Spring 
3.11 
Summer 
2.84 
3 .. 21 
Spring 
3.25 
Autumn 
3.05 
Autumn 
2.72 
2.89 
Autumn 
2.55 
Swmner 
Table 30. 
Season 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
ANALYSES OF VARIANCE OF THE TOTAL FAT OF 
STARLINGS WITH SEX AND AGE 
A. SEX 
First year birds 
Total fat (g) Degrees of Fs Level of 
Male Female freedom significance 
3.64 3.65 1 ,20 0.002 n. s. 
7.39 5.68 1 ,14 4.426 n.s. 
4.42 3.99 1 ,14 1 .124 n. s. 
3.19 3.14 1 ,14 1 .058 n.s. 
Adult birds 
3.71 4.28 1 ,40 1 .434 n. s. 
7.5-1 7.24 1 ,69 0.156 n. s. 
4.93 5.87 1 ,69 2.592 n. s. 
3.49 4.05 1 ,31 2.706 n. s. 
B. AGE 
Males 
Adult First year 
3.71 3.64 1 ,35 0.057 n. s • 
7.51 7.39 1 ,49 0.011 n. s. 
4.93 4.42 1 ,48 0.471 n. s. 
3.49 3.19 1 ,23 0.139 n.·s. 
Females 
Adult First year 
4.28 3.65 1 ,25 0.891 n. s. 
7.24 5.68 1 ,34 3.742 n. s. 
5.87 3.99 1 ,35 2.730 n. s. 
4.05 3.14 1 ,22 2.h56 n.s. 
Adult males generally had heavier livers than adult 
females; differences being significant in winter and summer 
(Table 29). Patterns amongst first year birds were less 
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regular although significant autumnal differences were recorded. 
Age differences were not established, but livers of first year 
starlings generally were as heavy or heavier than those of 
adults. 
III. Total fat weights 
Total fat varied seasonally. Trends were similar for 
each sex and age category, with average total fat maximal in 
winter and minimal in summer following the fledging or breed-
ing of first year and adult birds respectively. Winter fat 
was commonly significantly greater than in any other season i.e. 
Total Fat (g) 
Winter Spring Autumn Summer 
Adult females 7.24 5.87 4.34 4.17 
Adult males 7.51 4.90 3.71 3,,47 
First year females 5 .. 68 3.99 3.62 3014 
First year males 7 .. 39 4.41 3,,64 3,,58 
Total fat did not differ significantly with either age 
or seX (Table 30). However, first year females generally had 
less fat than adult females or like-aged males. Conversely, 
adult females frequently had more fat than adult males. 
The relative fat content, determined indirectly, of 
birds of different ages varied seasonally (Fig. 20, A - D). 
Unfortunately, high sample variances of one or both age groups 
limited analyses of covariance comparisons. Even so, in 
autumn and winter (Fig. 20, A & B) it appeared that greater 
fat-free weights and hence total fat were attained by adult 
starlings compared with younger birds of the same body weightQ 
Conversely, in spring and summer (Fig. 20, C & n) first year 
birds appeared to have higher fat-free and total fat weights 
than similar sized adults. 
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Table 31. 
Season 
Autumn 
Winter 
Spring 
Summer 
Yearly 
aggregate 
Autunm 
Winter 
Spring 
Srunmer 
Autumn 
Winter 
Spring 
Summer 
ANALYSES OF VARIANCE OF' THE FAT~,FREE WElIGHTS OF 
STARLINGS WITH SEX AND AGE 
A. SEX 
First year birds 
Fat-free weights ( g) Degrees of Fs Level of 
Male Female freedom significance 
80,53 75,17 1 ,20 70166 * 
78,00 74.66 1 ,1 4 1 .482 n.s. 
81 .80 77.24 1 ,14 2,735 n.s. 
72.61 68.45 1 ,1 4 3.209 n.s, 
Adult birds 
82.42 76.12 1 ,188 81 0026 *** 
B. AGE 
Males 
Adult First year 
80.87 80.53 1 ,32 0,039 n. s. 
82.99 78,00 1 ,49 6.851 * 
82.99 81 .80 1 ,48 0.345 n. s. 
83.77 72.61 1 ,23 56.615 *** 
Females 
Adult First year 
76.24 75.17 1 ,25 0.207 n.s. 
75.44 74.66 1 ,34 0.153 n. s. 
77.42 77.24 1 ,35 0~J40 n. S • 
77.13 68.45 1 ,22 10,848 ** 
IV. Fat-free weights 
Fat-free weights of adult starlings were greatest in 
summer and spring and least in autumn and \o[inter for males 
and females respectively, but seasonal differences were not 
significant e.g. males varied from 83.77 ± 0.980 to 
80~87 + 1.249 g and females from 77.42 ± 0.934 to 
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75.44 ± 0.888 g. Conversely, first year birds showed 
significant seasonal variation and were lighter in summer than 
in spring (females) or autumn and spring (males) i.e. 
Mean Fat-free Weights (g) 
Spring Autumn Winter Summer 
First year females 75 .. 2 68.5 
First year males 81 .8 80.5 78.0 72.6 
The fat-free weights of male starlings were generally 
greater than those of females of similar age, with adults 
differing significantly in their annual aggregate means and 
first year birds in autumn (Table 31). Adult fat-free 
weights were greater than those of' first year birds throughout 
the year, with females differing significa.ntly in summer and 
males in summer and winter. Variations in fat-free tissues 
result from the small summer size of first year birds imposed 
on an overall dimorphic pattern Q 
3. DISCUSSION 
The live weights of adult starlings vary seasonally 
depending on the regular deposition or mobilization of fat 
and other analogous stored products (Fig. 21). Increases in 
total fat were matched by increases in liver weight; the 
latter due to changes in stored glycogen (carbohydrate), fat, 
protein and water (Ljunggren, 1968). The liver serves as a 
food-storage organ and increases in its weight, especially 
when coincident with increases in total fat, must be 
indicative of periods When the bird is consuming food in 
excess of its immediate requirements. 
Seasonal decreases in live weights, food storage organs 
and depots, varied in timing and magnitude with sex" Males, 
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Fig. 21 
Seasonal variation in live weight, 
fat-free tissues, liver and total fat weight 
of adult starlings. Males (A.) and females 
( t::..) show similar trends; most components 
being heaviest in winter and lightest in 
autumn and summer. 
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though heavier than females, lost 5.29% of their mid-win.ter 
live weight by the start of laying. On the other hand, 
females lost 3.51% of their winter weight by the end of the 
nestling period; a rate of loss less than half that of males. 
Such disparities appear to result from the division of labour 
of the two sexes prior to and during breeding. Males select 
and defend nest sites before laying commences (see Ch. 5.3.V), 
but females spend longer periods at the nest following laying 
and convert considerable liver reserves into egg yolk 
(Bellairs, 1964); both activities probably result in partial 
inanition (want of nourishment) and, as suggested by Baldwin 
and Kendeigh (1938), partly determine the observed losses in 
weight of liver and fat depots. 
Relative fat content varied with the age of starlings. 
Although heavy birds generally had large fat reserves and vice 
versa, medium-sized birds were not so predictable, due largely 
to age differences. In comparison with older birds, those in 
juvenile plumage in summer had relatively large fat reserves, 
due to intensive feeding by parents before and after leaving 
the nest. Likewise, first year birds in spring had large 
reserves, as generally they did not breed. Conversely, adults 
in spring and summer had relatively low fat reserves apparently 
because of the intensive activities of breeding. In autumn 
and winter this pattern changed. Adults had relatively 
greater fat reserves than younger birds, which suggests that 
when the activities of all birds were similar, adults fed more 
.successfully (also shown for wood pigeons, see Lack, 1966, p1 85) • 
The fat-free tissues of adult Canterbury birds did not 
vary seasonally, which agrees with the findings of Connell, 
Odum and Kale (1960) for a range of passerine species e 
Conversely, much of the seasonal variations in live weights of 
migrant and non-migrant passerines has been reported to result 
from variations in fat-free tissues metabolized following the 
seasonal depletion of fat reserves (see Newton, 1969; Child, 
1969, Fry, Ash and Ferguson-Lees, 1970, Barnett, 1970). 
Seasonal variations in the stored 'food' reserves of 
Cante~bury birds, point to seasonal differences in feeding 
rates (as shown for starlings in North America, see Hart, 1962) 
or caloric requirements. It is not necessarily indicative of 
variations in food availability; some mammals lay down fat 
during periods of comparative food shortage (Flux, 1971). 
Variations in the wet weight of gizzard contents of West 
Melton birds analysed by analysis of variance, were 
independent of season, sex and age c.f. seasonal variation 
recorded by Havlin and Folk (1965). Contrary results have 
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been obtained for starlings and other passerines in North 
America (Stevenson, 1933), where first year birds on average 
contained more food in their gizzard than did adults. Although 
the gizzard and proventriculus of the starling serve in part 
as storage organs, variations in breakdown rates and 
hygroscopic qualities of seasonally taken Canterbury foods, 
and the frequency and strength of gizzard contractions 
(Sturkie, 1954) I apparently obscure any seasonal differences 
in rates of ingestion. However, as the starling's diet is 
characterized by distinct seasonal prey components which vary 
markedly in their caloric content (see Ch. 6.3.IV), it is 
possible that the caloric intake, if not the weight of food 
taken, may vary seasonally. This would not necessarily need 
to be true during breeding, when increased activity and a 
subsequent moult (see Kessel, 1957) preclude the deposition of 
reserve foods. Ljunggren (1968) similarly considered that 
live and fat weights of the wood pigeon in Sweden were 
determined by the quality not quantity of their food, with 
large quantities of food low in caloric value being taken 
during "''lean'' periods of the year. 
Table 32. A REAlJALYSIS OF THE ENERGE'l'ICS OF THE DOMINANT FOODS OF 
FREE-FLYING STARLINGS (From Table2Q). 
Food form 
Hemiptera A. 
Lepidoptera L. 
Diptera A. 
Curoulionidae / Tenebrionidae A. 
Carabid .. o / Soarabaoidae / 
Elateridae 
Scarabaeidae / Elateridae 
Lyoosidae 
Lumbrioidaa 
Cereal 
A. 
L. 
No. of items 
taken from 
glJZzard" 
5328 
4720 
168 
11046 
1379 
2)8) 
1008 
141 
Total energy Correotion factor 
of digestible :for each 
tissue in food group 
gizzard (Cal) (saa Table 27) 
27.55 3.5 
542.79 1.5 
4.75 :1.5 
95.42 :1.4 
105.71 2.5 
2)7.42 1.5 
46.37 4.5 
)0.46 22.2 
225.00 1.0 
Notel - Each food form includes only those specie" listed in Table ~O. 
Relative 
tota~ energies 
o:f tissues 
oaten (Cal) 
96.4:1 
814.19 
16.6:1 
324.4) 
264.28 
)56.1) 
208.67 
676.21 
225.00 
Correotion factor/! for adlllt Hemiptera and larval Lepidoptera were taken as the 
values oalculated for adult Dipte~ and larval Coleoptera respectively. 
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CHAPTER 9 
GENERAL DISCUSSION 
1. A REASSESSMENT OF THE FOODS OF FREE-FLYING STARLINGS 
The foods ingested by starlings breakdown differentially. 
Numerical analyses of gizzard contents bias dietary patterns 
tOllards harder foods present, but realistic patterns may be 
obtained through the use of factors which correct for 
differential digestion rates (see Table 27), Caloric estimates 
of each dominant food group obtained from numeric counts then 
assume new proportions relative to one another (Table 32), with 
soft-bodied foods forming a bigger proportion of the annual 
diet,~ With. revaluation, Lepidoptera larvae remain paramount '" 
Lumbricid earthworms supercede all remaining forms, lycosid 
spiders, Hemiptera and Curculionidae increase markedly but 
cereal grain decreases in importance. Overall, the caloric 
value of dominant foods consisted of 82.9% animal and 17.1% 
plant tissues prior to reassessment, but subsequently of' 92.5% 
animal and 7,5% plant tissues~ 
2. STARLINGS AS PREDATORS OF GRASS GRUBS 
Many birds have been credited with the ability to 
control popUlations of insect pests. Accurate estimates of 
the prey numbers ingested and the levels of control attained 
have been limited to a few recent studies, howeve~, notably of 
forest dwelling birds e. g. P ardalotes, especially Pardalotus 
ornatus feeding on pysllids in South Australia (Clark, 1964); 
a range of Canadian birds on the larch sawfly - Pristiphora 
erichsonii (Buckner and Turnock, 1965); woodpeckers -
Picoides spp. and Dendrocopos spp. on the Engelmann spruce 
beetle in the U.S.A. (Knight, 1958; Baldwin, 1968); 
currawongs - Strepera graculina on phasmatid species in 
Eastern Australia (Readshaw, 1968). In these studies, control 
by avian predators occurred only in areas of low prey density, 
thus supporting Kales (1968) statement viz. "No evidence exists 
that any avian species can effectively centrol a species of 
insect upon which it feeds when that pest is at or near pea~ 
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abundance" . 
Starlings have been thought to control agricultural 
insect pests. Excluding anecdotal reports, in Europe they 
have controlled local populations of the colorado beetle 
Leptinotarsa decemlineata - a chrysomelid harmful to potatoes 
(Jtacki, 1960; Gromadski, 1969), and the cockchafer 
M. melolontha - a common scarabaeid beetle harmful to pasture 
(Pfabe and Szypula-Gador, 1964). In New Zealand, interest 
has been focused on starling - grass grub relationships; the 
latter another scarabaeid similar in habit to ~. melolontha o 
Hence, although Caithness (1968) stated that contrary to 
common belief II starlings are not capable of any significant 
biological control of scarabid larvae", Anonymous (1970) 
detailed results from Winchmore Experimental Station, 
Canterbury, where starlings alone reduced larval grass grub 
2 populations in irrigated pasture from 100 to 60 / ft 
(929 cm2 ) and associated with sheep from 100 to 9 / ft2. 
However, results at Winchmore were obtained under unusually 
favourable conditions; a large roost , .. as located near the 
falmlet where intelligent farm management, high grass grub 
numbers and numerous nest boxes attracted large numbers of 
birds. 
The life cycle of the New Zealand grass grub has been 
established (see Kelsey, 1951). In brief', adults first emerge 
between November and February and within two weeks females lay 
eggs in surface soils. These hatch 16 - 21 days later and the 
larvae descend to depths greater than 5 cm to feed on grass 
rootlets. Four to five and 9 - 16 weeks later the larvae 
moult and during the resultant instars (second and third), 
live in the top 5 cm of' soil. Larvae pupate from July to 
September over a period of 4 - 6 weeks at depths of 10 - 25 cm 
and later emerge noc turnally as adults for a fe, .. weeks of 
reproduction and feeding. The beetles burrow back into the 
soil each day until senile, when they die on the surface 
(East, 1972, p327). 
Grass grubs are thus available to starlings as adults 
in late spring and early summer, and as second and third instar 
larvae from late summer to mid-winter. At other times the 
various life stages occur at depths of greater than 5 cm and 
normally are out of reach. 
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Independent starlings at West Melton eat grass grub 
beetles between October and late December and from them obtain 
approximately 2.4% of their arulual ingested energy. Beetles 
are a staple food of nestlings in late November to early 
December and provide 16% of their ingested energy. However, 
regardless of the number taken, predation probably has a 
neglible effect on grass grub popUlations. Of 80 female 
beetles taken from nestlings, only two contained eggs; the 
remainder were post-breeders and, along with males, were 
probably taken at or after death from the sward surface. 
Grass grub larvae (third instar only) are ingested by 
independent starlings between late March and August and form 
approximately 16% of' the birds annual caloric intake. Larvae 
are taken in greatest numbers in May (26 / bird collected on 
grass pasture) although birds which IIfollow the plough" in 
early spring often contain many more e.g. 40 - 60. In May, 
birds have approximatel.y 10 hr feeding time ( = daylight ) 
during which the number of larvae ingested = 26 x 1 .5 x 5 or 
195 larvae / day, where 1.5 represents a correction factor 
for the. number of larvae voided from the starlings gizzard 
within 2 hr of ingestion (see Table 27), and 5 the number of 
two hourly feeding periods available. 
Starlings show a str~ng selection for larval foods, 
including grass grubs, and in autumn and winter feed commonly 
on grass pasture where grass grub larvae are available. 
Starlings rarely feed amongst lucerne, perhaps partly because 
once established, this plant is seldom attacked by grass grubs 
(Flay and Garrett, 1942). On grass pasture, third instar 
scarabaeid larvae may occur at densities of > 100 / ft2 
(Kelsey, 1951; Anon, 1970). In comparison, starlings at West 
Melton occur at very low densities i.e. feeding densities of 
0.55 birds / ha, and therefore appear insignificant as grass 
grub predators. However, starlings feed communally, often in 
large flocks, and through their selection of foods and feeding 
sites a.re able to prey on larvae more heavily than their 
numbers suggest. Predation rates can be further raised by 
artificial increases in 10caY starling populations or the 
establishment of new ones (through the erection of nest boxes). 
Hovrever, unless efforts to increase starling numbers are 
accompanied by farm management orientated towards the 
manipulation of the birds as biological control agents (e.g. 
Anon, 1970; East and Pottinger, In Press), little farmer-
benefit will accrue. 
3. FACTORS LIMITING STARLING NUMBERS IN CANTERBURY 
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Animal populations are widely believed to be controlled 
primarily through density-dependent factors (see Nicholson, 
1933; Kendeigh, 1961). This theorem has received support by 
Lack (1954, 1966), who believes that mortality controlled 
largely by food availability is most important, with disease, 
parasites and predators of lesser consequence. Lack (1954, 
Ch.13) postulated that food shortage is often indicated 
indirectly by the movements of birds to areas of abundant food, 
by their frequent fighting over food, and by the ruling out of 
other mortality factors. However, food shortages are not the 
only density-dependent population control. Amongst others, 
many hole-nesting birds are apparently limited by a lack of 
suitable nest sites (for references, see Ch. 5.4.I). 
In Canterbury, there is no direct evidence of acute 
food shortage and the resultant starvation of starlings. Dead 
birds were rarely recovered and starving starlings never. 
However, analyses of body fat suggest that in autwnn and 
winter young birds may not find adequate suitable foods g At 
such times all starlings feed on less favoured and probably 
less nutritious foods e.g. cereal grain. Invertebrates are 
less common than in warmer periods, and during frosty periods 
only sward dwelling forms are available. 
Starlings do.not show marked seasonal variations in the 
incidence of fighting over food. Tliey select feeding sites 
and food throughout the year, even when favoured foods are 
comparatively ubiquitous. Foraging ranges during breeding and 
non-breeding periods are generally smaller than those recor'ded 
in foreign studies, which suggests that local birds are less 
limited by food. 
The losses of starlings through disease were not 
evident but, as in most bird species (Lack, 1954, Ch.15), 
probably were few. Levels of ecto and endo-parasitisation 
seemed unusually low. Helminths parasitising the alimentary 
canal were recorded in small numbers from 3.3% of 60 starlings 
collected at West Melton c.f. 100~ infestation by helminths of 
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starlings collected concurrently at Harewood (see Johnson, 
1969) and 78% infestation or more of starlings, depending on 
season, in Britain (Wynne Owen and Pemberton, 1962). External 
parasites occurred commonly but were rarely numerous enough to 
obviously be troubling the host. High infestations of lice 
(Mallophaga) were observed on only two independent birds and 
similar concentrations of mites (Acari) on the nestlings of 
one brood. Heavy infestations of mites on starling broods at 
Havelock North, New Zealand, are preponderant and make the 
handling of nestlings difficult (A. Moeed, scientist, pers. 
comm.), while in Arizona, U.S.A., similar infestations by the 
Red fowl mite (Dermanyssus gallinae) reduces starling breeding 
success (Royall, 1966). 
West Melton starlings are commonly preyed on by one 
predator, the stoat; which often takes incubating or brooding 
birds. Females are particularly vulnerable as they spend more 
time in the nest than do males and unbalanced sex ratios 
amongst adults result. Stoats also eat nestlings, taking them 
when they are most vociferous e~g. minimally 5 g 6% of first 
broods. Predation of all starlings during the non-breeding 
period appears neglible g 
Starlings appear to be limited by the availability of 
nest sites. Suitable artificial sites are rapidly colonized, 
even when erected during site selection 4 - 6 weeks prior to 
laying, and competition for them is intense. Birds return to 
particular nesting areas, and often to particular nest sites 
~ach year, and those which accept artificial sites are probably 
largely those formerly without a nest. Natural sites are 
markedly clumped, occurring primarily in farm buildings and 
rarely in other sites. The size of present populations in 
Canterbury and elsewhere is probably lower than in the past, 
when large flocks occurred in most lowland areas of New Zealand 
(Kirk, 1895; Bathgate, 1897; Thompson, 1922) an.d apparently are 
controlled primarily by changes in farm management, with an 
associa ted reduction in hedgerow·s and an increase in the use 
of ferro-concrete materials for fencing and farm buildings; 
suitable nesting cavities gradually being eliminated. Control 
through predation and food appear to be of lesser importance, 
and from disease and parasites little or none. 
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CHAPTER 10 
SUMMARY 
1 • This work evaluates the activities of starlings in 
relation to man's interest in a rural ecosystem in 
Mid-Canterbury, New Zealand. It also describes the 
manipulation of local starling populations in regions of 
agriculturally harmful prey speciesQ 
2. Starlings were sexed from the sexually dimorphic 
iris and mandibular rami colours which, when used together, 
were completely reliable for males and au.most so (99%) for 
females. Birds in adult plumage were aged from measurements 
of hackle feather iridescence and separated into first year 
and older birds; some could not be aged with certainty. 
3. COWlts of West Melton birds were greatest when 
made at winter roosts (1150). Fewer birds were recorded at 
feeding sites (618 ± 63) and half as-t~w again at natural 
breeding sites. 
4. Adult sex ratios were weighted towards males but 
were approximately 1:1 amongst nestlings and first year birds. 
The difference probably resulted frcm a greater mortality of 
females during breeding, especially of one year old birds. 
5. Annual mortality was between 50 and 53% £'or adult 
females and approximately 12% for all first year birds; these 
figures are similar to those obtained in studies overseas. 
6. The erection of suitable nest sites, particularly 
in hedgerows, led to local increases of starlings, which were 
enhanced in successive years by the tendency of adults to 
return to the same colony and often the same site each year. 
Consequently, intraspecific competition for artificial sites 
increased annually as local populations grew. Interspecific 
competition with house sparrows for nesting cavities also 
occurred conunonly, especially amongst later breeding birds. 
7. Starlings generally bred first when aged two, 
although a few precccious females did so at one. Males were 
physiologically incapable of breeding at one, although young 
birds often involved themselves in nest building and carolling 
activities. 
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8. Eggs were laid between mid-October and mid-December. 
Patterns were influenced by air temperatures, breeding age, and 
the time of fledging or loss of first and successive broods. 
Precise laying dates were determined by air temperatures, with 
cold periods during laying causing short laying cessations. 
Clutches on average ranged from 3.9 to 4.4 eggs and generally 
were smaller than those recorded in other countries. 
9. Breeding success was greatest in first clutches 
and broods, and was maximal for the modal clutch sizes viz. 3, 
4 and 5. Replacement and second clutches had little success 
and ccntributed only slightly to the overall productivity of 
the popUlation. 
10. Starling feeding behaviour varied seasonallYe 
Birds foraged communally, either in small « 100) uncoordinated 
groups which occurred throughout the year, or in large ( >100) 
coordinated flocks characteristic of the non-breeding period. 
Foraging ranges were maximally 500 m from nests during 
breeding but up to 4 km from communal roosts at other times. 
11. Starlings exhibited seasonal preferences for 
feeding sites and food. Birds periodically selected well-
grazed pasture, cereal stubble, turnips and fields being 
tilled. Preferences were affected by stock, which were used 
by starling's as "beaters" and as observation posts. Birds 
apparently preferred larval to adult insects throughout the 
year, but especially so during the nestling period. 
12. The diet of independent birds consisted 
predominantly of animal foods (approximately 90% by volume 
and caloric content), with the remainder largely cereal grain. 
Calorically, larval Lepidoptera, lumbricids and adult and 
larval Coleoptera were the staple foods, with arachnids and 
cereal grain important minor constituents. Hemiptera and 
Diptera were taken in large numbers but were of lit.tle caloric 
consequence. 
13. Tl).e diet of nestlings was similar to that of' older 
birds. Larval Lepidoptera, larval Coleoptera and Lumbricidae 
were staple foods, with Hemiptera and Diptera minor dietary 
elements. 
14. Foods in the gizzards of starlings were digested 
and voided differentially and dietary patterns established 
from the contents of that organ were biased towards harder 
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foods present. Correction factors were calculated for staple 
foods and permitted more realistic dietary quantifications. 
15. Starling live weights varied seasonally with the 
deposition or mobilization of fat and other stored products. 
Patterns were dimorphic, and in adults probably resulted from 
divisions of labour of the sexes prior to and during breeding. 
In spring and summer, non-breeding first-year birds carried 
relatively more fat than adults. However, adults appeared to 
feed more successfully than younger birds and when the 
activities of both age groups were similar (autumn and winter), 
adults had relatively more fat. 
16. Starlings prey on two life stages of the grass 
grub, of'ten taking large numbers of third ins tar larvae and 
adults. Significant reductions of this invertebrate are, 
however, probably only attained under the following specific 
conditions, practical only on a very local scale i.e. high 
populations of grass grubs, large resident populations of 
starlings, irrigated soils, and heavy stocking of infected 
pasture. 
17. Starling numbers appear to be controlled largely 
through the availability of suitable nest sites. Young birds 
may have difficulty in finding sufficient suitable foods in 
winter, but direct evidence of mortality from shortages of 
food was lacking, Limited predation of adults and nestlings 
occurred during breeding seasons. 
18. Overall, starlings at West Melton are probably 
beneficial. They take some cereal in winter from stock feed-
lots, but counterbalance this by preying on a wide range of 
insect species harmful to ag-riculture. 
ACKNOWLEOOEMENTS 
I would like to express my sincere thanks to my 
supervisor, Dr M.C. Crawley, for his advice on most stages 
of this work. I am also indebted to the following, all of 
106 
or late of this department: Professor G.A. Knox for the 
provision of suitable facilities; Dr E.C. Young, Dr A.J. Baker, 
Dr A. Moeed and J. Warham for helpful discussion; B.A. Robson, 
T.K. Crosby and K.W. Duncan for advice on data analysis, and 
S.M. 'Robson for writing the two programs mentioned in the text. 
Help in the identification of insects came from 
J.S. Dugdale (Lepidoptera), Dr A.C. Eyles (Hemiptera), 
Dr G. Kuschel (Curculionidae) and Dr J.C. Watt (Coleoptera), 
all of Entomology Division, D.S.I.R.; A.W. Don, Zoology 
Department, University of otago (Formicoidea); Professor 
R.A. Harrison, Lincoln College (Diptera), and P.M. Johns 
(general Insecta) and Dr D.S. Horning (Hymenoptera), both of 
t~is department; I am indebted to them but claim responsibility 
for mistakes which may remain. 
I am grateful for the help and access. to land provided 
by West Melton farmers, and for financial assistance by 
Ecology Division, D.S.I.R. Finally, I would like to record my 
thanks and admiration to my wife Janet, for her remarkable 
tranquility and encouragement throughout a long period of 
repeated financial crises. 
107 
REFERENCES 
AKHMEDOV, K.P. 1957: The myna, its importance for agriculture 
in Tadzhikistan, and ways of inducing it to use 
artificial nests. (Transl. from Russian). Uchen. Zap. 
Stalinabad Zhur. ped. Tnst., 1 :101-113. 
AMADON, D. 1962: Family Sturnidae, p.75-12f. In Mayr, E; 
Greenway, J .C. (Ed.) "Checklist of' birds of the Worldll • 
15. Cambridge. Massachusetts. 
ANDERSON, A. 1961: The breeding of the ~tarling in Aberdeen-
shire. Scott. Nat., 70: 60-74. 
ANONYMOUS. 1970: Starlings help control pasture pests. N.Z. 
Fmr 91 (17): 21, 23-24. 
ARMSTRONG, E.A. 1947: "Bird display and behaviour". (2nd ed.) 
Lindsey Drummond, London. 431p. 
BAILEY, E.P. 1966: Abundance and activity of starlings in 
winter in Northern Utah. Condor 68(2): 152-162. 
BALDWIN, P.H. 1968: Woodpecker feeding on Engelmann spruce 
beetle in wind thrown trees. U.S. Forest Serv., Rocky 
Mountain Forest and Range Exp.Sta., Res. Note 105, 4p. 
BALDWIN, S. P.; KENDEIGH, S. C.. 1938: Variations in the weight 
of birds. Auk 55: 416-467. 
BAMFORD, J. 1970: Estimating fat reserves in the Brush-tailed 
possum, Trichosurus vulpecula Kerr (Marsupialia: 
Phalangeridae). Aust. J. Zool., 18: 1,15 - HS' • 
BARNETT, L.B. 1970: Seasonal changes in temperature 
acclimatization of the house sparrow, Passer domesticus. 
Compo Biochem. Physiol., 33: 559-578. 
BARTHGATE, A. 1897: Notes on acclimatization in New Zealand" 
Trans. Proc o N.Z~ Inst., 30: 266-279. 
BARTONEK, J. C q; HICKEY, J. J. 1969: Food. habits of canvasbacks, 
redheads, and lesser scaup in Manitoba. Condor 71 (3) 
280-290. 
BELLAIRS, R. 1964: Biological aspects of the yolk of the hen's 
egg, p.217-272. In Abercrombie, M; Brachet, J. (Ed.). 
IIAdvances in Morphogenesis". Academic Press, New York. 
108 
BENT, A.C. 1946: Life histories of the North American jays, 
crows, and titmice. Bull. U.S. Nat. Mus., No.191 :1-495. 
BISSONETTE, T.H. 1933: Inhibition of the stimulating effect of 
red light on testis activity in Sturnus vulgaris 
(starling) by a restricted diet. BioI. Bull., 65: 
452-468. 
BLOXHAM, L. 1968: Natural enemies of grass grubs are being 
closely studied. N.Z. Jl Agric. 117 (5): 22-23. 
BOLEN, E.G. 1970: Sex ratios in the black-bellied tree duck. 
J. Wildl. Mgmt., 34(1) 68-73. 
BOURLIERE, F. 1946: Longevit~ moyenne et longevite maxim~oo 
chez les vert~bres.Annee BioI. 3rd Ser., 22: 249-270, 
BRYANT, H.C. 1914: A determination of the economic status of 
the western meadow-lark (Sturnella neglecta) in 
California. Univ. Calif. PubIs Zool., 11: 377-510g 
BUCKNER, C.H.; TURNOCK, W.J. 1965: Avian predation on the 
larch sawfly, Pristiphora erichsonii (HTG.), 
(Hymenoptera:Tenthredinidae). Ecology 46 (3) : 223-236. 
BULLOUGH, W.S. 1942: The reproductive cycles of the British 
and Continental races of the starling (Sturnus vulgaris). 
Phil. Trans. R. Soc. (B) 231: 165-246. 
BUTTERFIELD, P.A. 1970: The pair bond in the zebra finch, 
p.249-278. In Crook, J.H. (Ed). "Socia.l behaviour in 
birds and Mammals". Academic Press. 
CAITHNESS, T.A. 1968: Insects and birds on two New Zealand 
airfields. N.Z. Ent., 4(1) : 19-23. 
CASSIE, R.M. 1950: The analysis of polymodal frequency 
distributions by the probability paper method. N.Z. 
Sci. Rev., 8: 89-91. 
, 
CAVE, A.J. 1968: The breeding of the kestrel, Falco tinnunculus 
L., in the reclaimed area Oostelijk Flevoland. Archs 
neerl. Zool., 18 (3): 313-:-407. 
CHILD, G.I. 1969: A study of nonfat weights in migrating 
Swainson's thrushes (Hylocichla ustulata). Auk 86: 
327-338. 
CLARK, L.R. 1964: Predation by birds in relation to the 
population density of Cardiaspina albitextura 
(Psyllidae). Aust. J. Zoo1., 12 (3) : 349-36'1. 
109 
COHEN, E. 1951: Unusual behaviour of starlings at a nesting-
site. Br. Birds 44:60. 
COLEMAN, J.D. 1968: "Aspects of the ecology of the rook 
(Corvus· frugilegus, frugilegus L.) in Canterbury" . 
M.Sc.'rhesis, Univ. Canterbury. 156p. 
COLLINGE, W.E. 1924-27: The food of some British wild birds. 
York. 427p. 
COLLINS, V.B.; DE VOS, A. 1966: A nesting study of the starling 
near Guelph, Ontario. Auk 83(4): 623-636. 
CONNELL, C.E.; ODUM, E.P.; and KALE, H. 1960: Fat-free weights 
of birds. Auk 77 : 1-9. 
COULSON, J.C. 1960: A study of the mortality of the starling 
based on ringing recoveries. J. Anim. Eco1., 29(2): 
251-271. 
CREUTZ, G. Von. 1939: Biologische beringungsergebnisse bei 
staren, Stumus v .. vulgaris L. Mitt. Ver. Sachs. Om., 
6: 16-26. 
CROZE, H. 1970: "Searching image in carrion crows. Hunting 
strategy in a predator and some anti-predator devices 
in camouflaged prey". Paul Parey, Berlin and Hamburg. 
85p. 
DAVIS, B.N.K. 1967: Bird feeding preferences among different 
crops in an area near Huntingdon. Bird Study 14(4) : 
227-237. 
DAVIS, D.E. 1959: The sex and age structure of roosting 
starlings. Ecology 40(1) 136-139. 
DAWSON, D.G. 1966: "Breeding in the house sparrow (Passer 
domesticus L.)". B.Sc. Hons. Project, Univ. Canterbury. 
41 p. 
------; BULL, P.C. 1970: A questionaire survey of bird damage 
to fruit.N.Z. Jl Agric. Res" 13(2) : 362-371. 
110 
6 ' . t' DELVINGT, W. 19 2: L'Etourneau en Belgique: longev1 e, pontes. 
Giervalk 52: 586-601. 
DILLERY, D.G. 1965: Post-mortem digestion of stomach contents 
in the savannah sparrow. Auk 82(2): 281. 
DIRSCHL, H.J. 1969: Foods of' lesser scaup and blue-winged 
teal in the Saskatchewan river delta. J. Wildl. Mgmt., 
33(1): 77-87. 
DUNNET, G.M. 1955: The breeding of' the starling Sturnus 
vulgaris in relation to its food supply. Ibis 
97: 619-662. 
------------ 1956: The autumn and winter mortality of' starlings 
Sturnus vulgaris, in relation to their f'ood supply. 
Ibis 98: 220-230. 
------------j PATTERSON, I.J. 1968: The rook problem in 
North-East Scotland, p.119-139. In Murton, R.K.; 
Wright, E.N. (Ed.). "The problems of' birds as pests". 
Academic Press" 
EAST, R. 1972: "Starling (Sturnus vulgaris L.) predation on 
grass grub (Costelytra zealandica (White), 
Melolonthinae) populations in Canterbury". 
Ph.D. Thesis, Univ. Canterbury. 709p. 
--------jPOTTINGER, R.P. In Press: Biological control of' grass 
grubs by starlings. Proc. 25th N.Z. Weed & Pest 
Control Conf'. 
EM LEN , J.T. 1952: Flocking behaviour in birds. Auk 69: 160-170. 
ERPINO, M.J. 1969: Seasonal cycle of' reproductive physiology 
in the black-billed magpie. Condor 71(3): 267-279. 
FARNER, D.S. 1945: Age groups and longevity in the American 
robin. Wilson Bull., 57: 56-74. 
FISHER, R.A.; YATES, F. 1948: Statistical tables f'or biological, 
agricultural and medical research. Oliver and Boyd. 138p. 
FLAY, A.H.i GARRETT, H.E. 1942: The grass-grub problem. 
N.Z. JI Sci. Technol., 23{6A): 322-329. 
FLUX, J.E.C. 1971: Validity of' the kidney f'at index f'or 
estimating the condition of' hares : a discussion. 
N.Z. JI Sci., 14(2): 238-244. 
FORBUSH, E.H. 1927: Birds of Massachusetts and other New 
England states. Mass. Agric., Boston. 2: 461p. 
FRAENKAL, G.; RUDALL, K.M. 1947: The structure of insect 
cuticles. Proc. R. Soc. (B) 134: 111-143. 
111 
FRY, C.H.; ASH, J.S.; FERGUSON-LEES, I.J. 1970: Spring weights 
of some palaearcOe migrants at Lake Chad. Ibis 112: 
58-82. 
GABITES, J.F. 1968: Meteorological observations for 1968. 
N.Z. Met. S. Misc. Pub. 109. 
------- 1969: Meteorological observations far 1969. N.Z. Met. 
S. Misc. Pub. 109. 
------- 1970: Meteorological observations for 1970. N.Z. Met. 
S. Misc. Pub. 109. 
GARDARSSON, A.; MOSS, M. 1970: Selection of food by Icelandic 
ptarmigan in relation to its availability and nutritive 
I 
value, p.47-69. In Watson, A. (Ed.) "Animal populations 
in relation to their food resources." Blackwell 
scientific publications, Oxford and Edinburgh. 
GIBB, J. 1954: Feeding ecology of tits, with notes on tree-
creeper and goldcrest. Ibis 96(4): 513-543. 
1960: Populations of tits and goldcrests and their food 
supply in pine plantations. Ibis 102(2) : 163-208. 
GRO MAD SKI , M. 1969: Composition of food of the starling, 
Sturnus vulgaris L., in agrocenoses. Ekol. pol. Ser. 
A., 17(16): 287-311. 
HAART~Ulli, L. Von. 1957: Adaptation in hole-nesting birds. 
Evolution 11: 339-347. 
HABERKORN, A. Von. 1962: Zur ernahrung des stars (Sturnus 
vulgaris L.) wahrend der kirschernte im alten land 
bei Hamburg. Beitr. Vogelelk 9 , 8: 107-120. 
HARDING, J.P. 1949: The use of probability paper for the 
graphical analysis of polymodal frequency distributions. 
J. mar. biol. Ass. U.K., 28: 141-153. 
HART, J.S. 1962: Seasonal acclimatization in four species of 
small wild birds. Physiol. Zool., 35(3) : 224-236. 
112 
HARTLEY, P.H.T. 1948: The assessment of the food of birds. 
Ibis 90: 361-381. 
HAVLIN, J.; FOLK, C. 1961: Doba hnizd~n{ a pocet ml&~at 
II I I I 6 4 spacku obecnych v cssr. Zool. Listy 10: 7-8. 
-------------------- 1965: 
, , , , 
Potrava a vyznam spacka obecneho, 
Sturnus vulgaris L. Zool. Listy 14(3): 193-208. 
HAWKSLEY, O. 1957: Ecology of a breeding population of Arctic 
terns. Bird-Banding 28(2): 57-92. 
HICKS, L.E. 1934: Individual and sexual variations in the 
European starling. Bird-Banding 5(3): 103-118, 
HINDE, R.A. 1961: Behaviour, p.373-411. In Marshall, A.J. (Ed.). 
"Biology and comparative physiology of birds". Pt.2. 
Ac~demic press. 
HOWARD, W.E. 1959: The European starling in California. Bull Q 
Calif. Dept. Agric., 48: 171-179. 
6 1 I,ll I HUDEC, K.; FOLK, C. 19 1: Postnatalni vyvoJ spacka obecneho 
'. , I. I (4) v prlrezonych podmlr.kach.Zool. Listy 10 : 305-330. 
IMMS, A.D. 1957: "A general textbook of entomology including 
the anatomy, physiology, development and classification 
of insects". Methuen and Co. Lond. 9th Edn. 886p. 
, 
JIRSIK, J. 1934: An interesting result of our ringing and some 
foreign ringed birds caught in Czechoslovakia. Sb. zool. 
Odd. n~r. Mus. Praze 18: 52-53. 
:.JOHNSON, J,R. 1969: IIHelminth parasites of the starling 
(Sturnus vulgaris) in Canterbury, New Zealand" • 
Hons. project, Univ. Canterbury. 42p, 
JONES, R.E.; LEO~OLD, A.S. 1967: Nesting interference in a 
dense population of wood ducks. J. Wildl. Mgmt., 
31(2): 221-228. 
KALE, H.W. 1968: The relationship of purple martins to 
mosquito control. Auk 85:654-661. 
KALMBACH, E.R. 1922: A comparison of' the food. habits of 
British and American starlings. Auk 39: 189-195. 
-------------; GABRIELSON, I.N. 1921: Economic value of the 
starling in the United States. U.S. Dept. Agric. Bull. 
No. 868. 66p. 
11 J 
KARPOVICH, V.N. 1962: Ekdogiya massovykh obitatelei 
iSkusstvennykh gnezdovii (Skvortsa, mukholovki-
petrushki) v raione Oleskogo/zapovednika. Troksk Gos 
zapovednika 4: 65-176. From BioI. Abstr., 45(5): 80261. 
KELSEY, J.M. 1951: Grass-grub and grass caterpillar control .. 
N.Z. JI Agric., 83 (2): 113,115-117,119-122. 
KENDEIGH, S.C. 1961: "Animal ecology". Prentice-Hall Inc. 
468p. 
KESSEL, B. 1951: Criteria for sexing and aging European 
starlings (Sturnus vulgaris). Bird-Banding 22: 16-23. 
------ 1957: A study of the breeding biology of the European 
starling (Sturnus vulgaris, L.) in North America. 
Am. MidI. Nat., 58(2): 257-331. 
KIRK, T. 1895: The displacement of species in New Zealand. 
Trans. Proc. N.Z., Inst. 28: 1-27. 
KLUIJVER, H.N .1933: Bijdrae;e tot de biologieen de ecologie 
van den spreeuw (Stu~us vulgaris vulgaris L.) 
gedurende zijn voortplantingstijd. Versl en Med. van 
het Plantziekt. Dienst te Wageningen 69: 1-145. 
-------- 1935: Waarnemingen over de levenswijze van den 
spreeuw (Sturnus ~. vulgaris L.) met behulp van 
geringde individuen. Ardea 24: 133-166. 
-------- 1938: Over spreeuwen in een dennenbeplanting. Limnosa 
11: 92-97. 
KNIGHT, F.B. 1958: The effects of woodpeckers on populations of 
the Engelmann spruce beetle. J, econ. Ent., 51(5): 
603-607. 
KOERSVELD, E. Van. 1951: Difficulties in stomach analysis. 
Proc.X Inter~ Orn~ Congr: 592-594. 
KORODI-GAL, J. 1967: Beitrage zur kenntnis der brut biologie 
der amsel (Turdus merula L) und zur ernahrungsdynamik 
ihrer jungen. Zool. Abh. Mus. Dresden 29: 25-53. 
KOROL 'KOVA , G.E. 1963: Vliyanie ptits na chislennost' 
vrednykh nasekomykh (po issledovaniyam v) esostepnykh 
dubravakh. Akad. Nauk. SSSR 126 p. 
114 
KURODO, N. 1959: A comparative study on the breeding biology 
of rural and urban colonies of the grey starling, 
Sturnus cineraceus Temminek. Jap. Wildl. Bull., 
17: 31-77. 
1964 : The comparative analysis of breeding rates of 
rural and urban grey starling colonies in Tokyo area: 
The second report (Part 1), Misc. Rep. Yamashina Inst. 
Om. Zool., 4('21): 1-30, 
LACK, D. 1946: Do juvenile birds survive less well than 
adults? Br. Birds 39: 258-264. 
-------- 1947: The significance of clutch size. Ibis 89: 
302-352. 
--------:- 1948~ Natural selection and family size in the 
starling. Evolution 2(2): 95-110. 
-------- 1954: liThe natural regulation of animal numbers". 
Clarendon Press, Oxford. 343pu 
-------- 1966: "Population studies of birds". Clarendon Press. 
341p. 
-------- 1968: "Ecological adaptations for breeding in birds". 
Methuen & Co. 409p. 
-------- 1970: Introduction, pXIII - XX. In Watson, A. (Ed.) 
"Animal populations in relation to their food resources". 
Blackwell scientific publications, Oxford and Edinburgh. 
tACKI, A. 1960: Rola szpaka (Stumus vulgaris L.) w tepieniu 
stonki ziemniaczanej (Leptinotarsa decemlineata Say) 
w ~wietle analizy scioU!igniazd. Biul. Inst. Ochrony 
Roslin 8: 221-234. From BioI. Abstr., 39: 9144. 
LEHRMAN, D. s. 1965.: Interaction between internal and external 
environments in the regulation of the reproductive 
cycle of the ring dove, p.355-380. In Beach, F.A.(Ed.) 
"Sex and behaviour", Wiley, New York. 
LINDSEY, A.A. 1939: Food of the starling in Central New York 
State g Wilson Bull., 51(3): 176-182. 
LJUNGGREN, L. 1968: Seasonal studies of wood pigeon 
popUlations. I. Body weight, feeding habits, liver 
and thyroid activi.ty. Viltrevy 5(9): 435-504. 
LOBB, W.R.; WOOD, J. 1971: Insects in the food supply of 
starlings in Mid-Canterbury. N.Z. Ent., 5(1): 17-24. 
LOCKIE, J.D. 1956: The food and feeding behaviour of the 
jackdaw, rook and carrion Crow. J. Anim. Ecol., 25: 
421-428. 
LOEFER, J.B.; PATTEN, J.A. 1941: Starlings at a blackbird 
roost. Auk 58: 584-586. 
LORENZ, K.Z. 1949: Uber die beziehungen zwischen kopfform 
und zirkelbewegung bei Sturniden und Ikteriden, 
p.153-157. In Mayr, E; Schuz, E. 1I0rnithologie als 
biologische Wissenschaftll. Heidelberg~· 
115 
MARPLES, G. 1936: Behaviour of starlings in winter. Br. Birds 
30: 14-21. 
MARSHALL, A.J. 1949: Weather factors and spermatogenesis in 
birds. Proc. zool. Soc. Lond., 119: 711-716. 
MAYR, E. 1939: The sex ratio of wild birds. Am. Nat., 73 
(745): 156-179. 
McGILVREY, F.B.; UHLER, F.M. 1971: A starling deterrent 
wooe duck nest box. J. Wildl. Mgmt., 35(4): 793-797. 
McLINTOCK, A. H. 1960: II A descriptive a, tlas of New Zealandll • 
Government Prihter, Wellington, New Zealand. 109p. 
MOEED, A. 1970: I1Ecological aspects of the bird hazard problem 
at Christchurch International Airportl1. Ph.D. Thesis, 
Univ. Canterbury. 105p. 
MOOK, L.J.; MARSHALL, H.G.W. 1965: Digestion of spruce budworm 
~arvae and pupae in the olive-backed thrush, Hylocichla 
ustulata swainsoni (Tschudi). Can. Ent., 97: 1144··1149. 
MORGANS, J.F.C. 1965: A simple and flexible cataloguing 
system for biological collections, large or small. 
Tuatara 13(2): 116-121. 
MURTON, R.K.; ISAACSON, A.J.; WESTWOOD, N.J. 1971: The 
significance of gregarious feeding behaviour and 
adrenal· stress in a population of \,rood-pigeons Columba 
palumbus. J. Zool. Lond., 165: 53-84. 
MYRES, M.T. 1955: The breeding of blackbird, song thrush and 
mistle thrush in Great Britain. Pt. 2. Bird Study 1: 2-24. 
116 
NEWTON, I. 1969: Winter fattening in the bullfinch. Physiol. 
Zool., 42: 96-107. 
NICHOLSON, A.J. 1933: The balance of animal populations. 
J. Anim. Ecol. 2: 132-178. 
OELKE, H. Von. 1967: Siedlungsdichte und brutplatzwahl des 
stares (Sturnus vulgaris) in der norddeutschen 
Kulturlandschaft. Om. Mitt. Gottingen 19(2): 31~34. 
OWEN, D.F. 1959: The breeding season and clutch-size of the 
rook Corvus frugilegus. Ibis 101 (2): 235-239. 
PARKS, G.H. 1962: A convenient method of sexing .and aging 
the starling. Bird-Banding 33(3): 148-151 ~ 
PARR INSTRUMENT CO. 1960: "Instructions for the No.1411 
combustion calorimeter with particular reference to its 
use for testing heat powders and other exothermic 
mixtures". Manual No. 128. 
PFABE, E. i SZYPULA-GADOR, K. 1964: Udzial szpaka (Sturnus 
vulgaris L.) w zwalczaniu pedrakow chrabaszczy majowego 
i kasztanowca (Melolontha melolontha L. i ~. 
hippocastani F.) na terenie lasu Ruda kolopulaw. 
Sylwan 108(3): 67-75. 
PITT, F. 1929: Notes on the effect of temperature upon the 
breeding behaviour of birds, with especial reference to 
the northern golden plover (Charadrius apricarius 
altifrons), and the fieldfare (Turdus pilaris). Ibis 71: 
53-71. 
PLANK, R.J. 1967: IINest site selection and nesting of the 
European starling (Sturnus vulgaris L.) in California". 
Ph.D. Thesis, Univ. California, Davis. 111p. 
POORE, G.C.B. 1969: "The ecology of the New Zealand Haliotis 
species (Mollusca)lI. Ph.D. Thesis, Univ. Canterbury. 
103p. 
RAND, A.L. 1953: Factors affecting feeding rates of Anis. 
Auk 70: 26-30. 
--------- 1954: Social feeding behaviour of birds. Fieldiana 
Zoo1., 36(1): 1-71. 
117 
READSHAW, J.L. 1968: The distribution, abundance, and seasonal 
movements of the pied currawong, Strepera graculina 
(Shaw), an important bird predator of Phasmatidae, in 
Eastern Australia. Aust. J. Zool., 16: 37-47. 
ROBERTSON, C.J.R. 1972: Preliminary report on bird banding in 
New Zealand 1964-1971. Notornis 19(1): 61-73. 
ROGERS, D.T.; o DUM , E.P. 1964: Effect of age, sex, and level 
of fat deposition on major body components in some wood 
warblers. Auk 81: 505-513u 
ROWAN, W. 1918: Power of control over deposition of eggs. Br. 
Birds 12: 42-43. 
ROYALL, W.C. 1966: Breeding of the starling in Central Arizona. 
Condor 68(2): 196-205. 
ROYAMA, T. 1970: Factors governing the hunting behaviour and 
selection of food by the great tit (Parus major L.). 
J. Anim. Ecol., 39: 619-668. 
RUSSELL, D.N. 1971: Food habits of the starling in Eastern 
Texas. Condor 73(3): 369-372. 
SCHWAB, R.G.; MARSH, R.E. 1967: Reliability of external sex 
characteristics of the starling in California. Bird-
Banding 38(2): 143-147_ 
SHADOWEN, H.E. 1969: The diet of the starling. Ky Warbler 
45: 27-28. 
SHLAPAK, G.D. 1961: 0 pitanii skvortsa v gnezdovoi period. 
Zool. Zhur., 40(7) 1106-1108. From BioI. Abstr., 41(1): 
12682. 
SIBLEY, C. 1957: Evolutionary and taxonomic significance of 
sexual dimorphism and hybridization in birds. Condor 59: 
166-191 • 
SIEGAL, S. 1956: IINonparametric statistics for the behavioural 
sciences ll • McGraw-Hill Book Co., New York. 312p. 
SIEGFRIED, W.R. 1972: Aspects of the feeding ecology of cattle 
egrets (Ardeola ibis) in South Africa. J. Anim. Ecol., 
41: 71-78. 
SNEDECOR, G. W .; COCHRAN, W. G. 1967: "S ta tis tical me thods ll • The 
Iowa State University Press, Ames, Iowa. 6th edition. 
593p. 
118 
SOKAL, R.R.j ROHLF, F.J. 1969: "Biometry: the principles and 
practice of statistics in biological research". 
W.H. Freeman & Co., San Francisco. 776p. 
SPECTOR, W.S. (Ed). 1956: "Handbook of biological data". 
W.B. Saunders Company. Philadelphia and London. 584p. 
STEGEMAN, L.C. 1954: Variation in a flock of the European 
starling. Auk 71: 179-185. 
STEVENSON, J. 1933: Experiments on the digestion of food by 
birds. Wilson Bull., 45: 155-167. 
STIVEN, A.E. 1961: Food energy available for and required by 
the blue grouse chick. Ecology 42: 547-553. 
STURKIE, P.D. 1954: "Avian Physiologyu. Coms.tock, New York. 
423p. 
SUMMERS-SMITH, J.D. 1963: "The house sparrow". Collins, London. 
269p. 
SWANSON, G.A.; BARTONEK, J.C. 1970: Bias associated with food 
analysis in gizzards of blue-winged teal. J. Wildl. 
Mgmt., 34(4): 739-746. 
SYMONDS, A.E.J. 1965: The rate of build-up and evacuation of 
country starling roosts and the affect of severe 
winter conditions on these procedures. Bird study 
12 (1 ): 8-16 .. 
SZIJJ J 1956 A '1' l'lk j b' 'I ". , ,. : serege y tap a ozaS 10 oglaJa es 
mizogazda~agi jelentgsege. Aquila 63: 71-101. 
TENOVUO, R.i LEMMETYINEN, R. 1970: On the breeding ecology of 
the Starling Sturnus vulgaris in the archipelago of 
South-W"estern Finland. Ornis Fenn., 47: 159-166. 
THOMAS, H.F. 1957: The Starling in the Sunraysia district, 
Victoria. Pt.I. Introduction. Emu 57: 31-84. 
------------ 1957: The Starling in the Sunraysia district, 
Victoria. Pt. 2. Distribution. Emu 57: 131-144. 
------------ 1957: The Starling in the Sunraysia district, 
Victoria. Pt. 3. General habits when attacking fruit. 
Emu 57: 151-180. 
------------ 1957: The Starling in the Sunraysia district, 
Victoria. Pt. 4.Roost sites. Emu 57: 269-284. 
THOMAS, H.F. 1957: The Starling in the Sunraysia district, 
Victoria. pt. 5. Emu 57: 325-337. 
THOMPSON, G.M. 1922: "The naturalization ot: animals and 
plants in New Zealandu • Cambridge University Press .. 
607p .. 
THQl\IPSON, W. L.; COUTLEE, E. L. 1964: The biology and 
population structure ot: Starlings at an urban roost. 
Wilson Bull., 75(4): 358-372. 
THOMSON, A.L. 1964: "A new dictionary ot: birds". Nelson. 
928p. 
TINBERGEN, L. 1960: The natural control ot: insects in 
pinewoods. I .. Factors int:luencing the intensity ot: 
predation by songbirds. Archs neerl. Zool., 13: 
265-336. 
TURNER, E.R.A. 1964: Social t:eeding in birds. Behaviour 
24: 1-46. 
VERHEYEN, R.F. 1969 a: Le choix du nichoir chez l'etourneau 
Sturnus ,Y. L. Gert:aut 59(2): 239-259. 
119 
-------------- 1969 b: Arrival at the breeding area, maturity 
t:or breeding and onset ot: laying according to age in 
the starling population (Sturnus ~. vulgaris L.) ot: 
Lower and Middle Belgium. Gert:aut 59: 378-384. 
VILKS, K.; TRANSEHE, N. Von. 1933: Ergenbnisse der beringUng 
von staren in Lettland~ Vogelzug 4: 113-118. 
VINOKUROV, A.A. 1960: K voprosu 0 skorosti perevarivaniya 
pishchi tsaplyami. (The problem ot: the rate of t:ood 
digestion by herons). Byull. Moskov .. Obshchestva 
Ispytatelei Prirody Otdel BioI. 65(5): 106. BioI. 
Abstr. 39(2): 17610. 
VOOUS, K.H. 1960: "Atlas ot: European birds". Amsterdam, 
London" 
WALLRAFF, H.G. 1953: Beobachtungen zur brutbiologie des 
stars ,Y. vulgaris L.) in Nlirnberg. J. Orn~ 
Lpz., 94: 36-67. 
WARD, P. 1965: Feeding ecology ot: the black-t:aced dioch 
Quelea .9:felea in Nigeria. Ibis 107: 173-214. 
120 
WILLIAMSON, K. 1968: A breeding bird survey of Queen Wood in 
the Chilterns, Oxon. Q. Jl For. 62(2): 118-131. 
----------; HOMES, R.C. 1961~: Methods of preliminary results 
of the common bird census, 1962-63. Bird Study 11: 
240-256. 
WYNNE-EDWARDS~ V.C. 1931: The behaviour of starlings in 
winter. II. Observations in Somerset, 1929-30. 
Brit. Birds 24(12)= 346-353. 
WYNNE OWEN, R.; PEMBERTON, R.T. 1962: Helminth infection of 
the starling (Sturnus vulgaris L.) in Northern England. 
Proc. zool. Soc. Lond., 1j9(4)= 557-587. 
Cash Crops 
Fodder CI'opa 
Exotic trees 
Others 
wheat 
oate 
tUtnips 
choUll1oellier 
pine 
gorse 
APPENDIX I 
THE GENERIC AND SPECIFIC NAMES OF ANIMALS AND PLANTS 
COMMONLY FOUND IN THE ?!DDY AREA 
~ 
Triticum sativum 
Brae si.ca rBpa. 
£!. aleracea. 
~~ 
~"lyptU.. "FP. 
barley 
potatoes 
rape 
macrocarpa 
lucerne 
121 
Heradeum ~~lgare 
Sclan~ tuberoBum 
Drassioa na'DUS 
Cupressus'maorooarpa 
Medicaga ~ 
silver tussook 
Ule" Bur-apaeua 
~ caespitosa fesc~e tussock ~ 
Farm "tack sheep 
Feral rna_als cat" 
Birds 
hedgehogs 
rabbits 
rooks 
Felis domesticus 
Erinaceu8 europaeus 
Oryotolagus daniculu5 
~ :frugileggs 
white-backed magpies Gymnorhina hypoleuoa 
house sparrows 
rock pigeons 
~ dominicanus, 
~ domeatic~s 
~livia 
cattle 
stoats PutoriU6 erminen 
hares Lepus europa.eus 
